


Institutional Archive of the Naval Postgraduate School 





Calhoun: The NPS Institutional Archive 
DSpace Repository 


Theses and Dissertations l. Thesis and Dissertation Collection, all items 


1967 


An application of decomposition techniques to 
a decentralized force-level decision problem. 


Hutchison, William Edwin 


University of Maryland 
http://hdl.handle.net/10945/11661 


This publication is a work of the U.S. Government as defined in Title 17, United 
States Code, Section 101. Copyright protection is not available for this work in the 
United States. 


Downloaded from NPS Archive: Calhoun 


Calhoun is the Naval Postgraduate School's public access digital repository for 
| (q D U DLEY research materials and institutional publications created by the NPS community. 
FW Ser Calhoun is named for Professor of Mathematics Guy K. Calhoun, NPS's first 


WW KNOX appointed — and published — scholarly author. 

OM LIBRARY Dudley Knox Library / Naval Postgraduate School 

411 Dyer Road / 1 University Circle 
Monterey, California USA 93943 





http://www.nps.edu/library 


NPS ARCHIVE 


1967 
HUTCHISON, W. 
AN APPLICATION OF DECOMPOSITION TECHNIQUES TO A 
DECENTRALIZED FORCE-LEVEL DECISION PROBLEM 
by 
William Edwin Hutchison 
Thesis 


H968 





LIBRARY a 
NAVAL POSTGRADUATE SCHOOL 


MONTEREY, CALIF. 93940 








APPROVAL SHEET 


Title of Thesis: An Application of Decomposition Techniques 
to a Decentralized Force-Level Decision Problem 


Name of Candidate: William E. Hutchison 
Master ot Arts, 1967 





ES 


A 








| 


VITA 


Name: William Edwin Hutchison, Lt. Colonel, USMC. 


Permanent Address: 5401 Fremont Street, Springfield, Virginia. 


F (r condi date to be conferred: Master of Arts, 1967. 


asno [liri i “July 235.1928. 


e o hiyi San Francisco, California, 


Secondary education: Boise High School, Boise, Idaho; June, 1946. 


Collegiate institutions attended Dates Degree Date of Degree 
U.S. Naval Academy 1947-1951 D 1351 
University of Maryland 1966-1967 M.A. 1967 


Major: Economics. 


Minor: Defense Policy. 


Positions held: General duties as Marine Corps Officer, 1951-1964 
Assistant Navy Plans Officer, G-4 Division, Headquarters 
US. Marine Corp: 
Student, Defense Education Program, Institute for Defense 
Analyses 
Prospective assignment: 3rd Marine Division, FMF, 
c/o FPO San Francisco, 
California 





ABSTRACT 


Thesis Title: An Application of Decomposition Techniques to a 
Decentralized Force-Level Decision Problem 


William E. Hutchison, Master of Arts, 1967. 


mesic directed by; Edward S. Pearsall, Ph.D. 
Fonlealsrncesle „ Pn.D, 

An approach to a force level problem which incorporates inputs of 
cost, operational effectiveness and requirements into a decision procedure 
is suggested. The problem is then defined within the framework of a 
decomposable linear program. The linear program is given an interpretation 
which emphasizes operational effectiveness at the point of use. A 
central authority -- subordinate element dialogue is postulated in the 
interpretation and conducted in the presence of the market mechanism 
implied by the decomposable linear program. 

A specific task, illustrative of the more general technique, is 
taken as the derivation of a model which permits a central defense 
planner to resolve conflicts between military operational theaters for 
the purpose of programming construction of an amphibious force for use 
in all theaters. 

A decentralized decision process for determination of force levels 
is described. The application of the decomposition algorithm to the 
central defense planner-military theater commander interchange employed 


in the decision process is developed. 





Ihe procedure under which amphibious force acquisition is 
presently accomplished is examined by solution of the linear program 
using a set of postulated theater tactical plans. 

Conclusions are drawn which contrast the interpretation ordinarily 
given the decomposable linear program with the interpretation suggested 
for the model constructed. The general applicability of the model is 
discussed, means of improving and expanding the model presented 


and additional uses described. 
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INTRODUCTION 


The capability of the U.S. to protect its commitments abroad depends 
ED on the availability of military forces trained and equipped for 
eh JoUScODerprdtrons. The level of this military capability is 
restricted by the defense budget, however, and must compete with other 
equally critical defense requirements for funding. The Marine Corps 
and Navy face the problem of deciding upon the composition of a least 
cost amphibious force effective for operations in world-wide coastal 
maritime areas. 

In particular, minimum cost force level objectives must be 
determined for an array of feasible types of amphibious ships and vehicles 
to accomplish a set of missions related to different geographical areas. 

The difficulty is that contingency plans in likely theaters of 
operation impose conflicting requirements. Different types of military 
units are needed for amphibious operations in the Middle Bast (desert) 
and Southeast Asia (jungle). Heavily armored and highly ground-mobile 
forces are most effective in desert warfare. In contrast, armor is 
severely restricted in the jungle and lighter helicopterborne forces 
are more useful. Even more significant are the variations in expected 
Opposition and sea and terrain conditions that would influence the 
conduct of amphibious operations in the separate theaters. Despite 
these differences in types of units and conditions of employment, 
budget considerations place a finite limit on the construction of forces 
of ships and vehicles for amphibious operations. Any force selected 
should clearly be capable of assault operations in all operational theaters, 


but should be acquired at minimum cost as well. 








Allocation of Public Services - An Analogy 

It may be useful to place this type of military force level problem 
in a more familiar context. The choice of an amphibious force which 
will operate effectively to meet conflicting requirements in different 
theaters finds an analogy in the more commonly encountered problem of 
furnishing public services. Consider, for example, the provision of 
we er ee or Tire protection by a town, 

The problem of providing fire protection as viewed by a local 
government can be visualized by assuming a Setting in which a town is 
divided into a business section, a pier section, a housing section and 
an agricultural section. Suppose that the town is attempting to decide 
on the composition of a fire-fighting force which will provide fire 
protection to each section. Suppose also that the town budget will 
permit the purchase of only one set of equipment to be centrally 
positioned in the local firehouse. The problem is complicated by the 
characteristics of the separate sections, which are markedly dissimilar. 
The types of equipment most effective in one section may either be less 
useful or of no use at all in another. The relative value of a fireboat 
in the pier section, for example, would presumably differ from its 
value in the housing section. 

The problem of selecting the most suitable composition of the 
fire-fighting force to be acquired can be approached by: (1) establishing 
the level of fire protection to be afforded to each section; (2) measuring 
the value of this level of protection in terms of potential property 


saved from damage in each section; and (3) determining the value of the 








separate contribution to protection which different types of fire- 
fighting equipment can make to each section. If the sum of the per unit 
value of protection provided by a particular type of equipment over all 
5 j OL the town is less than its cost, it will not be purchased. 
any if, at any point, the sum of the values attributed to an 
equipment type in the four sections exceeds its cost, additional units 
should be acquired up to the point where its value at the margin equals 
Is cost. 

The most difficult aspect of the approach suggested is the evaluation 
of the effectiveness of various types of equipment in the different sections. 
An alternative available to the town is to decentralize the decision by 
permitting each section to determine its own relative values for the 
different types of equipment. Although conflicts could be expected 
(because each section would attempt to maximize its own protection 
without regard to the impact of such behavior on the effectiveness of 
m re Lighting Toree2in ocherzsections), participation of the Section: 
would insure that the force selected is adequate to provide the established 
level of protection in every section. 

Pipcdid | Verteuuechimques wich would allow Gach "section On ene OWN 
to participate in the selection of the fire-fighting force and at the 
Same time coordinate the equipment evaluation procedure in a way which 
insures that the sum of the per unit values of each type of equipment 
acquired equals its cost would clearly be useful. 

The explanatory value of the analogy between the problem of 
providing a given level of fire protection to separate sections of a town 


and that of selecting an amphibious force capable of meeting a stipulated 





operational requirement is perhaps more apparent at this point. The 
fire-fighting force is mobile and can afford a certain level of fire 
protection to any section, using all or a portion of the available 
equipment. The amphibious force is also mobile and similarly can be 
deployed as a whole or in part to supply a given level of amphibious 
G2papility to any theater.” Also, one type of amphibious ship or 
vehicle may yield a very different effectiveness in each theater (as in 
the fire boat example of the town). 

Another important similarity between the two problems is that the 
sum of the per unit values of the amphibious "protection" provided by 
a particular ship or vehicle should not exceed the cost of its acquisition. 

A third parallel is observed in the expected reactions of the 
sections of the town and the theaters to the invitation to participate 
in the decision-making process. The theaters equally with the sections 
will attempt to influence the composition of the force in such a way as 
to insure optimal coverage of their own unique situations by attributing 
higher value to equipment most useful locally. The upshot is that, 


from an analytic viewpoint, the two problems are essentially the same. 


Development of the Analogy 
In the present paper, the analogy between the problem of furnishing 


fire protection facing the town and that of the central defense planner 


E assumption is implied that not more than one fire (or 
contlageney) will oceur at a time. This assumption could obviously 
break down in either case, and is used only to limit the size of the 
requirement. 





concerned with selecting a balanced military force at minimum cost is 
demonstrated by the development of a method of force level planning 

which relies on techniques of economic analysis applicable to both the 
fire-fighting and amphibious forces. The specific task, illustrative 

of a more general technique, is taken to be the derivation of a model 
which will enable the central planner to resolve conflicts in requirements 
between theaters for the purpose of programming construction of a force 

of amphibious vehicles and ships which can effectively transport and 
deliver a Marine landing force from ship to shore under varying conditions 
of geography, enemy opposition and landing force composition. 

The force of amphibious ships and vehicles (called the amphibious 
force when combined) is akin to the fire-fighting force of a town in the 
sense that it must meet the demands for protection of its separate 
sections (theater contingency plans in the analogy) at minimum cost. 

The analogy between the fire-fighting force decisions of the 
city government and defense force level decisions can be extended by 
supposing that commanders in the different operational theaters (sections 
of the town) have developed separate tactical plans which represent 
the most probable way in which an amphibious assault would be conducted 
in the particular area for which the commander is responsible. It would 
clearly be desirable to decentralize the decision-making process to permit 
the responsible commanders to cooperate by employing these plans as 
inputs to the analysis. Participation of the theater commanders in 
this manner should insure adequate consideration of military operational 


factors in the development of final amphibious force objectives. 





In succeeding chapters, the problem of the central planner is 
given explicit form, and a technique for solving the problem through 
a decentralized decision process is developed. The procedure under which 
amphibious force levels are presently determined is also described and 
examined. Finally, the decision process suggested is employed to solve 


a specific force level problem, the solution is presented and conclusions 


are drawn. 





CHAPTER I 


DEFINITION OF THE PROBLEM AND CONSTRUCTION OF THE MODEL 


Background 

The Marine Corps is the responsible service within the Department 
of Defense for the development of systems and doctrines peculiar to 
amphibious operations. The present concept for development of future 
U.S. amphibious capabilities is based on a general tactical plan for 
amphibious operations judged by the Marine Corps to be effective for 
any geographical area and to provide an adequate forecast of force 
level requirements. The postulated concept is (in its effect on force 
objectives) a single plan which allocates certain landing force task 
organizations in terms of troops, equipment and supplies to objectives 
located ashore, to be delivered from Naval amphibious ships under 
specified parametric restrictions of time and distance by a particular 
Means: helicopter, armored amphibians,or general amphibious vehicles. 
Planning for acquisition of the amphibious force is accomplished under 
the assumption that one plan (expressed as a set of operational parameters) 
is a suitable framework for selection of component ships and vehicles 
from a variety of feasible types in amounts sufficient to be effective 
over probable contingencies. 

Although the parameters established by the Marine Corps as minimum 
amphibious force capabilities to be achieved are classified in part, 
an unclassified version of the general objective is available and 1s 


excerpted below: 





Migiiazation Or the various tactical mobility means in proportions 
mee ecomeye cic requigements Of the mission will provide Marine alr=ground 
D meses With a capability to conduct initial assault operations at- 
ranges up to so nsutricadqemrricemudomdecaud'over'an arca which i me the 
case of a force of division-wing size, may extend to approximately 600 
square miles (roughly 20 by 30 miles)."l 

The underlined sentence states that the "tactical mobility means 
available" (amphibious ships and vehicles) are to be employed in different 
proportions according to the mission. The amphibious force must operate 
effectively under fluctuating conditions of employment, but, in contrast, 
Bone ah ze objectives are derived from one hypothetread piane IN ip is 
is that unless the plan provides more than enough amphibious ships and 
sn on every contingency, it as unlikely to resule inia force which 
is most effective over a range of predictable missions. The present 
concept for resource acquisition is equally dubious from a cost viewpoint. 
If the plan results in excess ships and vehicles, then the cost of the 
force is greater than its value in the defense sector and other, more 
critical, activities in the government or private sector must be needlessly 
elesback, Potential deficiencies of the "one plan" technique will 


be demonstrated. 


V — — HB à € LLUUILLLUUULIILLIIILLLLLLIILLLLIILX —a— —— ——O Ü s B —Ñ k Vm 


Lpmployment of Marine Air-Ground Task Force in Future Amphibious 
Operations. Marine Corps Order 3340.3, 20 April 1962. 





Definition of the Problem 

ouppose that the Marine Corps has been requested by the Secretary 
of Defense to recommend a minimum cost amphibious force to meet approved 
contingency plans of unified (theater) commanders for the period 
oo. Suppose also that the Secretary's request includes a 
restriction that the amphibious force recommended need be capable only 
of responding to one theater plan at a time, under the assumption that 
no two contingencies will arise simultaneously.” ln order to act on the 
request, the Marine Corps designates a central planner who reviews 
the request and defines the problem: Develop recommendations for an 
optimal force of amphibious vehicles and ships for world-wide employment 
which takes explicit account at minimum cost of the differing operational 


requirements of the theater commanders .° 


ithe amphibious force is taken to include only the amphibious 
vehicles and the ships in which they are embarked to support the 
movement ashore. Other Navy and Marine Corps resources are not 
considered, 


“This assumption could easily be relaxed by expanding the 
requirement to include development of a separate amphibious force for 
each contingency. It is not considered realistic, however, to expect 
that every contingency can or should be covered by a uniquely structured 
amphibious force. Nevertheless, the decision process suggested in 
the present paper can absorb any combination of amphibious forces and 
theater preferred to that postulated. 


SThe definition of the problem may appear to beg the real question 
of optimality in the sense that it does not require analysis of alternatives 
to requirements (in magnitude) of theater contingency plans for subsequent 
pos mlevelfdecision. This is true only to the extent that responsible 
commanders may overestimate the size of the military force needed to 
meet particular contingencies. The assumption implied by the definition 
is that theater requirements have previously been evaluated by the 
Secretary of Defense and found to be valid. 
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Ihe Approach. Certain information is given the planner. 


Other information must be obtained. The planner determines an approach 


which will identify the basic elements of the problem and then apply 


these elements in an analytical model. The following procedure is 


settled upon: 


iet 


Obtain theater plans assigning output missions 
(operational requirements) to the amphibious force 

which are defined by the tonnages of Marine landing 

force units to be delivered ashore in the (a) helicopter- 


borne assault, (b) armored amphibian assault, and by 


(c) general amphibious vehicle means. 


Select an array of feasible candidate amphibious vehicles 


and ships expected to be available in 1970. 


Determine two types of ship and vehicle costs: 
a. Investment and discounted peacetime 


operating costs 


b. Expected attrition costs of executing an 


amphibious operation in each theater. 


Compute the individual output capacities of each ship 


and vehicle in the selected array in each theater. 


Develop a model which minimizes cost subject to 
constraints which insure that the aggregate output 
of the selected force is sufficient to meet theater 


Sht But Mmiss1ions. 








IL 


6. Exercise the model using requirement, cost, and 


output data obtained or computed to determine an optimal 


"mix" of ships and vehicles and test the results. 


Theater Output Missions. Theater tactical plans are submitted 
to the central planner by the appropriate commanders. Requirements 
are amphibious force output missions derived from these plans, which 
each commander considers representative of the nature of probable large- 
scale amphibious operations in his theater. The plans reflect differing 
conditions of expected enemy opposition, geographical environment and 
mission and composition of the Marine landing force. Each plan is 
expressed by output parameters: 
1. Theater vehicle output missions (in tons) in three 
categories: 
a. Landing force maneuver elements to be 
transported by helicopter for the purpose 


of seizing inland objectives. 


b. Landing force maneuver elements to be transported 
in armored amphibians for the surface assault 


against objectives in the beach area. 


c. Combat support units of the landing force 
to be delivered by other general amphibious 


vehicle means. 


2. The distance in miles from the amphibious ships to 


inland objectives divided into land and water segments. 





12 
3. The time in hours during which the initial assault is 


to take place. 


Development procedures and rationale for differing tactical plans 
in four theaters are contained in Appendix 1. The amphibious force 
decided upon must be capable of performing the output missions generated 
by each of these plans. The theaters are Southeast Asia (SEASTA), 
Middle East (MIDEAST), Northern Europe (NOREUR) and one worldwide "theater", 
Counterinsurgency (CI). Operational conditions imposed by these theaters 
encompass the majority of situations in which amphibious operations are 


likely to be conducted in the period 1970-79. 


Candidate Vehicles and Ships. Vehicle types and ship classes 
selected as feasible candidates by the central planner which are 
available at present or can be available in quantity by 1970 are listed 
and a brief description of the physical characteristics and output mission 
in which each operates is provided in Appendix 2. It is from this list 
that program objectives for the force "mix" for the period 1970-79 are 
to be set. There are at least two competitors for selection in each 


of the three output eins = 


Costs. The procedure for developing cost information used by the 
central planner places emphasis on two types of costs: investment 
plus peacetime operating costs (the latter discounted at 10% from the 


year 197/0), and expected attrition costs. Investment costs for the 


No amanecer tons made as to which service, Navy om Marine Corps, 
"owns" the vehicles. 





l3 


year 1970 are assumed to equal current acquisition costs of the candidate 
vehicles and ships. Expected attrition costs for each theater are 
computed as the product of: 1) estimated vehicle attrition (which 

varies between theaters); 2) estimated probability of a contingency 
arising in the theater; and 3) vehicle replacement (investment) costs. 
Specific costs and details of the costing procedure are described in 


Appendix 3. 


Vehicle and Ship Output. The output or contribution which each 
vehicle can make toward meeting the output mission in which it operates 
in each theater is tabulated in Appendix 4. Vehicle outputs are computed 
to show the number of short tons a vehicle type can deliver from ship 
to shore within the parameters of time and ee Cone ss by the 
tactical plan of each theater. Ship outputs are the number of vehicles 
by type which each ship can embark and operate. 

The problem has been identified and laid out explicitly in a form 
subject to analysis. The planner next turns to the task of developing 


a model. 


Construction of the Model 

The purpose of the central planner is to recommend a force composi- 
tion sufficiently effective to meet stipulated output missions 
(requirements) while minimizing the cost of achieving that pre-determined 
capability. The method of linear programming is useful in examining 
problems of optimal allocation of resources to meet given output levels 
at minimum cost, whether the issue is one of achieving a degree of 


fire protection, as in the case of a community government, or of 
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attaining a certain effectiveness for amphibious operations. A linear 
program cannot, of course, be considered a completely accurate 
representation of the real world. That is, it is at best an approximation 
a e mete terms ot the interrelationshlips or the components OF 

an actual system. The usefulness of linear programming depends (as its 
neme amplies) on certain critical assumptions of linearity, proportionality 
and nonnegativity. To the extent that a system can be presumed to 

reflect these characteristics, the method is useful, for it permits 
manipulation of the system to be examined in a way which can add to 
understanding of the economic and operational interactions of the various 
components.” The problem of determining force levels (selecting a 

system) of amphibious vehicles and ships needed to meet different 

theater output missions can be represented by the variables and 
coefficients of a linear program. A model of the primal and dual of 

this problem formulated as a linear program is constructed and 


interpreted by the central planner as follows: 
Central Pramal, 


Let i = 1,2,...,M - an index of operational theaters 


Igor a discussion of the applicability of linear programming to 


real world situations see Robert W. Dorfman, Paul A. Samuelson and 
Robert W. Solow, Linear Programming and Economic Analysis (New York: 
McGraw-Hill Book Company, Inc., 1958), pp 8-9. För a description of 
the assumptions made in applying programming to economic and military 
problems see George B. Dantzig, Linear Programming and Extensions 
(Princeton, New Jersey: Princeton University Press, 1963), pp 32-35. 
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Variables. 


en - a vector of amphibious force vehicle levels 
(Table III, Appendix 2). 


Q, - a vector of amphibious force ship levels 
(Table IV, Appendix 2). 


XyoXoreee aX - vectors of theater employment levels of 
vehicles arrayed by type according to 
Ship class in which embarked and function 
in theater output mission. One element 
of this vector identifies the number of 
vehicles of a particular type operated 
in a certain output mission from a 


particular class of ship. (Table v Append a n 
Q1,Q5,: — a 


Coefficients. 


Ci - a vector of per unit vehicle investment and 
discounted peacetime operating costs (Table VI; 


Appendix 3). 


C, - a vector of per unit ship class investment and 
discounted peacetime operating costs (Table VI, 


Appendix 3). 


P. Po... Ph - vectors of expected theater vehicle 


attrition costs (Table VI, Appendix 3). 
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>? 


K 


L 


E 


l6 


por «ob. - vectors of output tonnages defined by 


theater helicopter, armored amphibian and 
general amphibious vehicle output missions 
assigned the amphibious force for delivery 

of Marine landing force units ashore. One 
element of this vector is the number of tons 
which must be transported from ship to shore 
by the specified means within the time period 
alto ely Ene menea cite IS 

(Table 11, Appendix 1). 


pere’ E - matrices or theater per unit vehicle type 


output tonnage capacities. One element of 
this matrix is the number of tons a particular 
vehicle type can transport From shipi hto choc 
within the time period allowed by the theater 
tactical plan. (Appendix 4, Page 87 ). 


a matrix of vehicle distribution to different ship 
classes for purposes of embarkation. One element of 
this matrix identifies the ship location of a particular 
te ecg Sn mulsa SS meme SE ye p 


is operated. (Appendix 2, Page 79. 


d matrix of vehicle type per unit embarkation requirements 
by ship class. One element of this matrix is the 
Propent on. of the total embarkation capacity of a Ship 
class for a particular vehicle type occupied by one 


such vehicle. (Appendix 4, Page 90 ). 


che Identity matrix 
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Primal Objective Function. 


- AN : 
Minimize: C1 Q; + C, Q, + 


tS 


E CX 
B 


= 1 


Ho 


The objective is to minimize the sum of vehicle and ship 


investment and annual peacetime operating costs and the expected 


attrition costs of amphibious operations employing these resources. 


Primal Constraints. The objective of minimizing costs is 


constrained by functions which insure the availability of sufficient 


vehicles and ships to meet theater output mission requirements. 


(1) 


(2) 


(3) 


Qutput constraints: E; X; 


| V 


L. To a 
The aggregate output capacity of the helicopters, armored 
amphibian and general amphibious vehicles employed in 


the ith theater is adequate to meet respective output 


missions. 


Vehicle constraints: IQ; - KX; > 0 qp ecc E 
The number of vehicles by type in the amphibious force 
o a T er cher auımberzenplioyelubyzeypes 
output mission, and ship class in which embarked in the 


ith theater. 


Sip COns rants: IQ, - FX; 20 qd zm 
The number of ships by class in the amphibious force 
is adequate to embark and operate the vehicles employed 


in the ith theater. 
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Central Dual. Underlying every primal minimization problem is 
a dual problem of maximization. The variables of the dual linear program 
completely impute per unit values of different outputs (vehicles and 
ships in the instant case) to their per unit costs. In the optimal 
solution, the value of the (maximized) objective function of the dual 
exactly equals the (minimized) cost of the primal objective toa 
Dual variables exhibit an economic interpretation which is very useful 
Men presente tema lysas, as willibpe shown: Ihe Variables. objective 
function and constraints of the dual are listed and interpreted as 
follows: 

Variables. Dual variables are related to the constraints 


in order of the primal: 


My > or... 9 M1, - vectors of per unit value imputed to each vehicle 
type in each theater for its contribution in 
meeting a theater output mission. One element 
of this vector reflects the reduction in total 
cost of the amphibious force which would result 
from che unit addition Oi a particùlar venice 
operating in a specified output mission from a 


particular ship class. 


VIER PET Be vectors of per unit value imputed to each ship 
type in each theater for its contribution in 
embarking the vehicles employed in a theater. 

One element of this vector reflects the reduction 
in total cost of the amphibious force which would 
Pose trom che unit addition of a parti c ularn Ship 


class. 


a ee e e a e ra Tee ee 


lor proof of these properties of a linear program see William J. 
Baumol, Economic Theory and Operations Analysis (Englewood Cliffs, New 
Io rentes Hall, Ines, 1965), pp 122-125, 
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9158555 84 - vectors of value imputed to each ton of the 
Marine landing force delivered from ship to 
shore by helicopter, armored amphibian and 
general amphibious means to meet theater 
output missions. One element of this vector 
is the per unit value of an added ton of the 
Marine landing force delivered from ship to 


Shore. 


O e 


Dual Objective Function. 


Maximize: n 
DEI Li 8. 


i=l x 


The objective is to maximize the value of the output mission over 
all theaters. The objective is equivalent to maximizing the total value 
of the amphibious force in delivering the Marine landing force ashore 


in all theaters. 
Dual Constraints. The objective of maximizing the value of 

the force is constrained by functions which require that the sums of the 
per unit values imputed to the different ships classes and vehicle types 
over all theaters do not exceed the per unit costs of these resources; 
and that the value of the service rendered by the force does not exceed 
the cost of its employment. 

(1) Vehicle Value Constraints: x ; "n. sc 

j= 


The sum of theater per unit values imputed to any vehicle 


E 


type does not exceed the per unit vehicle investment and 


peacetime operating cost. 





eo) 


(3) 
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oneaip Value Constraints: X m sc 


The sum of theater per unit values imputed to any ship 
class does not exceed the per unit ship investment and 


pele rine operating Cost: 


Vehicle Output Value Constraint: 


1 1 1 
P: 9, # P, + K'r, + F'@, 


a Medii 

The value of the output capacity (service rendered) 

of the vehicles in the amphibious force in the ith 
theater does not exceed the cost of their employment 

in that theater. One element of the matrix BÍ 9: is 
the product of the vehicle output in tons and the value 
imputed to one ton of the Marine landing force delivered 
ashore. The element thus describes the total value of 
the delivery service rendered (output) by the vehicle 
in the ith theater. The constraint then relates these 
values to the "costs" of potential employment of the 
oe srl 22 the valle expressions K'm, and Pro ca De 
considered opportunity costs which accrue from the non- 
availability of the amphibious force in other theaters 


while it is employed in the ith theater. 


This constraint is re-formulated in the central dual 
BOmeenL on) Wren eae dual structure: -K'n - F'e: + F 9. < Pi. 
In this form the constraint states that the net value 


(OPen unity costs subtracted) of the vehicles must not 


exceed expected attrition costs. 
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Application of the Model 


Ihe central planner applies the linear program model in an analytic 
process which insures that the amphibious force finally selected is 
the minimum cost force operationally adequate for all theaters. The 
analytic procedure employed is a decision process which depends upon 
a discourse wherein resource levels are offered by the planner to theater 
commanders who subsequently return vectors which measure the marginal 
value of unit additions to the vehicle and ship elements of the resource 
vectors. The discourse takes place within a framework of successive 
solutions to the problem of the central dual and a theater dual linear 


program (subproblem of the central dual) to be described presently. 


The Planners Problem. The problem is to find force level vectors 
O O O O O : RM: 
Qi, Q5; and X1» Xosee eX n which minimize total investment, operating 
` 1 1 1 t 1 
and expected attrition costs C1 Q4 + C3 Q. + P; X4 + Po Xo ara: 


necessary to meet a certain set of output missions Li, 1-190 m Im 


cs p PREX 
m 


The problem could be solved by the planner, using ordinary linear 
programming techniques based solely on output missions submitted by the 
theater commanders and other known information of vehicle output 
mST shrpembabkation capacity and cost. A more interesting 

Fame rEcimliy snore Prealistie mechod would be to permit the commanders 
responsible for the conduct of probable amphibious operations to 
participate in the solution by advising the planner of the operational 


pua Ecce ta ces on the vectors Qi» Q. and Li J ebo nnm 


The Theater Commander'!s Subproblem (Theater Primal). The 
commander's purpose is to minimize the expected attrition costs of 


probable amphibious operations P; X. i-1,2,...,m, while making 


al 
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serte” that: 


(T) EX. 2 L; - (aggregate output capacity of that portion 
of the amphibious vehicle force employed in the ith 
theater is adequate to meet theater output 
missions). 

(20 SK X; = 10, - (theater allocation of vehicles to the 


different output missions does not exceed the 


number available). 


(3) PX. < IQ, - (ships employed in the ith theater to embark 


and operate the theater amphibious vehicle 


force do not exceed the number available). 


Q; > On; X; 2 0 d OZ te gill 


The Market Mechanism. The similarity between the problem of the 
central planner and the subproblem of the theater commander is evident. 
Both desire to minimize costs. Both must insure that established theater 
output missions for the amphibious force are met. Despite their parallel 
interests and the desirability of a mutual exchange of information, no 
means by which this dialogue might take place has as yet been identified. 
One difficulty is that each requires information which can only be 
provided by the other. Specifically, the vectors Q4 and Q, are 
initially unknown to the commanders. The planner is also unaware of 
therelative operational values which the commander might attach to 
les eS Ote ecos 

A solution to this apparent deadlock is found in the market 


mechanism which is implicit in the formulation of the central and 


theater linear programs. The operational values attributed by the theater 
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commander to the elements of the resource vectors can be viewed as 
"bids" which the commander will offer for the addition of a particular 
vehicle or ship to the amphibious force. The planner recognizes that 
there ¿ss no requirement for an actual exchange of dollars. It is only 
ucscssanbhstothe deeision-making process proceed as if the theater 
commander bids were in dollar terms. Clearly, if negotiations are 
conducted in the presence of a market mechanism,the required motivation 
for minimizing costs and marginal analysis will be active. 

To see how the market mechanism operates, consider the logic which 
Icgbeonsed bv the theater commander to generate the operational value 
to his theater of additional vehicles or ships. The ith commander is 
aware that underlying the theater primal is a set of dual variables which 
will reveal precisely the added potential operational value to the ith 
theater which will result from the unit addition of a particular vehicle 
Coe e ep elass to the amphibious force. Suppose that the theater 
commander defines theater dual variables: 


m -a8 vector of bids which measure the operational value 
Pomehesith theater of unit additions of vehicle types 


to the amphibious force jm T4 vu sins 


(Meee vector Of bids which measure the operational value 


to the ith theater of unit additions of ship classes 


to the amphibious force i = 1 Ceres ele 

9: - a vector of values which measure the operational 
value of a one-ton increase in the size of the 
Marine landing force delivered from ship to shore 
in the ith theater. 

Mio Pia 9, 2 0 o Bu: 
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Ihe theater dual is derived from the theater primal linear 


program described earlier and takes the form: 


Maximize: -IQ) m, -IQ5 9, + L; 8; = E dU 


: "d ES ! : = 
Subject to: K Ti F LS E; 9: = P. i Ai 


The solutions of the theater dual for the bid vectors T. and Os 
are, in effect, dollar values which the theater commander can use to 
inform the planner of the operational worth he attributes at the margin 
to the elements of the vectors en and Qos The objective function states 
that the commander desires to maximize the operational value to the ith 
theater of the theater output mission (Marine landing force) requirement 
and hence the net value of the amphibious force in the ith theater. The 
objective is viewed as the net contribution which the Marine landing force 
ashore in combat makes to the theater mission. This process is constrained 
by a function which insures that the operational capability of the force 
in the ith theater equals at least the cost of its potential employment 


Tem 


Planner-Commander Communication. The analytic means (bids) 
which permit the theater commanders to participate in the force level 
decision-making process has been formulated. The validity of this 
assertion is seen in the properties at the central dual. The central 
dual is an angular system which will decompose into m theater subprograms 
and one central master program. The Dantzig-Wolfe algorithm is available 


for solving linear programs which are decomposable. The decomposition 





Lose he description of this constraint in the central dual, page 21. 
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process exhibits properties which can serve the purpose of the central 
planner. Most important, the procedure can be used as an analytic 
device for decentralized decision-making.- 

The theater dual formed by the ith commander is a sub-problem 
of the central dual. Solution of the theater dual will present vectors 
of bids attributed by the ith commander to the vehicle and ship elements 


of any resource vector oe proferred by the planner. 


Inter-Theater Coordination. A means of analytic communication 
between the planner and each commander using an implied market mechanism 
has been established. The commanders are, in effect, consumers of the 
planners product (resource vectors Qi and Q5). As consumers they will 
presumably act independently in the "market" supplied by the planner. 

A means of coordination is required because the planner is interested 

in maximizing the aggregate value of the amphibious force. The ith 
theater primal and dual do not accommodate bids of other commanders or 

the planner's investment and operating cost vectors Ci and Co: The ith 
commander could be expected to maximize the value of the ith output 
mission independently by attributing bids to the vectors en and Q, which 
reflect the unique characteristics of the ith theater only. Unfortunately, 


this procedure may not yield an optimal or even feasible solution. 


The problem is that theater bids are linked by the central dual 


m m 
C ISL ra ITL SIF), mas C raq On Cu, These consteradits are 
ia $7 1 a $19 * 


eeordinating devices which require that, in the optimal solution, the sum 


lor properties of decomposable linear programs see George B. 
Dantzig, Op. Cit., pp. 448-453. i 
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of the theater bids equal the per unit investment and peacetime operating 
costs for each vehicle type and ship class. To see why optimality is 
not possible otherwise, consider some intermediate stage of the process. 
oince theater commanders are not constrained by the cost vectors Ci and 
C, some vehicles which are very desirable in all theaters would presumably 
reflect an aggregate bid greater than the sum of the per unit investment 
and operating costs. In contrast, vehicle types already provided in 
sufficient number for all theaters (or which are of no use in a theater) 
should evoke zero bids. This is because the commanders would attribute 
mo’ Operational value at all to added vehicles of types which are either 
Hacc yy adequate to meet an output mission, or are not operationally surtable, 
Clearly, more of those vehicles for which the aggregate bid is 
greater than its cost should be provided, and no vehicle receiving a 
zero bid should be procured. An optimal solution results only when 
vehicle and ship operational value bids have been completely imputed in 
eres i pal dual to the cost vectors Ci and C. 
In the optimal solution of the force level problem, a desirable 
property would obviously be convergence of the values imputed by the 
planner (solution of the central dual) and the bids attributed by the 
en ine Commanders to the resource vectors Qi and Qo. Fortunately, 
the decomposition algorithmexhibits precisely this property. 
If a vehicle force is appropriately selected, it should be 
possible to induce theater commanders to choose bids which insure that 


the cost constraints of the central dual are not exceeded. 
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Suppose that solutions to the value/bid vectors of the central 


O O O 
Da Lu 


insures that the primal force level vectors are solved as well 


dual are known: m i = 1,2,...,.m. The solution of these vectors 


O O O 


o Q5, Xy Roses‘. The force levels associated with the cost 


constraints of the dual are the elements of these vectors. Presented 
with these vectors of force levels, the theater commanders should discover 
that the value of their amphibious output mission (net value of the 


amphibious force to the theater) -IQJ Tp = IQ; Q. + Ls 9: is maximized. 


This is the decomposition principle." 


‘this exposition is analogous to that used in Edward S. Pearsall, 
DECOMP - 8 FORTRAN Coded Subroutine for Solving Decomposable Linear 
Programs, Institute for Defense Analyses Internal Note N-433(R), 


Arlington, Virginia: Institute for Defense Analyses). 








CHAPTER II 


THE DECISION PROCESS 


The decentralized decision process formulated by the central 
planner exploits the decomposable properties of the central dual program. 
erre mine solution of the decomposition algorithm is, in fact, 
mathematically optimal. It is the same optimal result which could be 
obtained by solving the central dual as a straightforward linear program.” 
It is not this aspect of the process which engages the planner's attention, 
however, (though it gives him confidence in the analytic procedure) as 
much as it is the intermediate iterative exchange with the commanders 
which leads to the optimal solution. The interchange takes place in a 
way which is meaningful in terms of economie theory (most important to 
the planner) and operational capabilities (first order business of the 


theater commander). 


Description of the Decision Process 

It was shown earlier that the planner and the commander each 
require information which can only be obtained from the other. In 
particular, values of the resource vectors Q; and Q5 are (initially) 
unknown to the commander. Similarly, the marginal operational values or 
"bids" attributed by commanders to these resource vectors are needed by 
the planner as he seeks a "mix" of vehicles and ships optimal over all 
theaters. Suppose, in order to set the procedure in motion toward its 


ao uscdwepeimal result, the planner transmits provisional resource vectors 





Dantzig, Opa ir p. 449. 


30 








St 
Qe n to the commanders. (The initial provisional vectors might 
reasonably be solutions to the central primal program for the tactical 
concept which is the present basis for amphibious force level objectives). 
In return, the commanders are requested to relay bids which are 
correlated with the resource vectors, each bid to express the potential 
Operational value measured at the margin, element by element, of an 
added vehicle or ship to the ith theater.” 

The planner can reasonably expect something less than complete 
satisfaction on the part of the commanders with the vehicle and ship levels 
postulated by the initial provisional vectors Q, and Q,. Suppose that 
this is indeed the case. Bid levels are very high for some vehicles 
and ships -- commanders are willing to bid handsomely for additional 
units of these resources. For other ship and vehicle types bids are 
low or zero -- either nearly enough are available to completely satisfy 
theater output missions or the particular resource is of no use at all. 
Further, bid reactions differ between theaters. One vehicle type may 
receive a zero bid from one commander and a very high bid from another. 
The vehicle is of no use in the first theater but is very effective in 
the other. (The LARC-60 can contribute nothing to the output mission 
of NOREUR, for example, because it cannot meet the minimum ship to 
shore time/distance requirement, but is of some potential operational 
value in other theaters; the planner can anticipate a zero bid from 


NOREUR for this vehicle from the outset). 


Ins will be shown, the actual manner in which the theater commander 
plans to employ the amphibious force is of no concern to the planner. 
The only information required by the planner is the marginal value to 
the commander (bid) of unit additions of ships and vehicles to the 
amphibious force. 
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A last difficulty is that (1) the aggregate bid for additional 
ships or vehicles of some types exceeds the per unit acquisition and 
operating cost to the government of the vehicle or ship, and (2) the 
aggregate Dld forthe remainder is less than the per unit cost (only 
under the most fortunate circumstances could the planner expect aggregate 
bid-cost equality). 

The economic significance of these complications is not lost 
on the planner. Another try is in order. The planner now attempts to 
impreeve the operational desirability of his product by offering new 
provisional resource vectors Q. , à, which reflect higher levels in the 
amphibious force of the ships and vehicles whose aggregate bids exceed 
cost and less of those types which fall short. Again the theater 
commanders respond. Hopefully, the aggregate bid-cost discrepancy will 
be reduced. And this is how it turns out. As commanders see the 
increased supply of desirable vehicles and ships their bids for these 
elements will moderate. These adjustments make intuitive economic 
sense. The ith commander will bid less at the margin for any vehicle 
as the aggregate output capacity of that type approaches the ith theater 
output mission. 

The central planner now has two sets of bids, the second set an 
improvement (from his bid-cost viewpoint) over the first. 

The planner at this intermediate stage would presumably continue 
to repeat the process until aggregate bid-cost equality is achieved. 
[iro epi ee Ty ents Nappy result may not occur. The implied market 
mechanism of the linear program may ultimately fail and the aggregate bids 


either will not converge on the planner's cost vectors or will 


Sony erge tor che wrong reasons, The difficulty lies in the fact 


that no matter how the planner contorts the provisional resource 


A : 
vectos Q,, Qo for some desirable vehicle and ship types, some commanders 
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may persist in inflated bidding. This is because, in the market mechanism 
employed by the planner, each commander will act to influence the 
composition of the force in his own interests. 

To see the effect of an inflated bid on succeeding resource 
vectors offered by the planner, suppose that the ith commander considers 
the SK-10 highly desirable and offers an (artificially) enormous jth 


bid for this vehicle. The bid may have the following result: 


m 
= Tox_ıg > Cox-10 (value of the SK-10 exceeds its cost). When the 


planner solves the central dual using this bid vector, the SK-10 element 
of the next vector Q, will reflect increased numbers of the SK-10, a 
result clearly beneficial to the ith commander but not necessarily to 
other commanders. 

This type of (underhanded) activity by the ith commander is 
obviously not in the best interests of other theaters. If not constrained, 
the solution will produce an optimal force for the ith commander which 
may be of limited value elsewhere.  Coercion is implied and the planner 
resorts to setting targets for the cost minimizing/force value maximizing 
processes of the theaters. In subsequent iterations, provisional 
resource vectors will be accompanied by value targets which have the 
effect of forcing commanders to use resource vectors in a manner which 
suits the planner's purpose of aggregate optimality for the amphibious 
force. As will be explained, the analytic procedure of the decision 
process is formulated in such a way that the value of the 


commander's bid is subtracted from the value of the amphibious force 
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(to the theater). If the net value of the amphibious force to the 

ith theater (bid values having been subtracted) falls short of the 
value target, the bid is not accepted by the planner. In this fashion, 
the value target prevents inflated bidding and forces correct use of 
the planner's resource vectors. 

Ihe planner now uses the two bids held and later bids to 
generate succeeding provisional resource vectors Pub and value 
targets by forming weighted averages which are designed to improve the 
(planner's) solution at each iteration. 

The coercive process continues over a finite set of iterations until 
optimal resource vectors E m are found. These optimal levels are 
Emu cu en tevery commander exactly meets his target values. Itis 
entirely possible, even probable, that the amphibious force is not 
optimal for each theater, but it is optimal from the planner's standpoint. 
It is the minimum cost combination of vehicles and ships which can 


accomplish the output mission in all theaters. 


Analytic Framework of the Decision Process 

Ihe interchange of resource level-bid-target information just 
described takes place within the analytic framework of the linear 
program model developed in Chapter I with certain modifications which 
will now be described. 

A linear programming problem called the central master program 
is formed based on the decomposition algorithm which will yield an 
optimal weighted average of proposed theater amphibious force value 


vectors 6 subject to the constraint that the associated vehicle and 








35 


and ship bid vectors do not exceed the central dual cost vectors C 


and SE 


(1) 


(2) 


(3) 


l 


The central master primal program has three components : 1 


A weighted objective function derived from the 
objective function of the original central dual 


and similarly interpreted. 
Weighted bid-cost constraints of the central dual. 


Constraints on the (unknown) weights, one set 


for each theater. 


The central master primal problem ans 
m n4 _ 
Maximize: 2 25 Li 8. po 


m 
scart, = 3^ "m hr. «C 


JE 


Da 


PE ij ij- 


Tl T 3 oc 


pra uon ands 


For a thorough description of the decomposition procedure applied 
to a business firm see William J. Baumol and Tibor Fabian, "Decomposition, 
EMmie@iig~ ror Decentralization and External Economics", Journal of 
Management Science, September 1964, Vol. 1, No. 1, p. l. 


“This formulation is similar co tha used by Edward S. Pearsall: 


Oper e 


e 


The identity matrix serves only to dimension the resource and 
bid vectors in the linear program and has been dropped from the 
formulation in this chapter for the purpose of reducing notational clutter. 
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Where n: - number of proposals of the ith theater 


m the weights associated with the theater bid 


and value vectors. 


PTT JE - jth proposed vehicle and ship bid vectors 
for the ith theater 
ZE - jth proposed output mission (amphibious force) 


value vector for the ith theater 


I Zee 
n 1,2,...,ni 


and Dos e ME 


| V 
O 


The weights "i are seen to be the only variables. This is because 
the Tij oT and JE vectors are known values. They are, in fact, 
current and all previous bids submitted by the theater commanders. 
At any intermediate stage of the process then, the only true unknowns 
are the weights. The object of the central master program is the 
determination of a set of feasible weights u; j correlated with the 
latest and earlier bids offered up by the theater commanders. The 
calculation of the next set of weights will yield a higher valued 
(lower cost) amphibious force. 

The central master program formed by the planner does not 
include the vehicle output value constraint E; 9: = P,+K'm, 4 OR 
of the original central dual. That is, all information concerning 


Nene tenerte menes in a particular theater is ignored by the 
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Der The planner evidently intends to leave operational matters 
in the hands of the operational commanders. And this is indeed the 
case. The planner has taken advantage of the property of the 
decomposable linear program which permits the commander to employ the 
amphibious force in any manner most effective in his theater without 
recourse to the planner concerning these purely operational matters.” 
Such generous behavior by the planner is possible because the same 
constraint appears in the theater dual derived in Chapter I ( p.26 ). 
The way in which this constraint is accommodated, however, is left 


to the commander as will be explained in the next section. 


Ihe Decomposition Procedure in the Decision Process 

During intermediate stages of the planner-commander interchange 
the values of the weights Pis are disregarded. The purpose of solving 
the central master program is instead the generation of new provisional 
resource vectors Qj and ope 

Solution of the dual of the central master yields the resource vector 
information needed for the next iteration of bids. The central master 


dual is formed: 


itis statement is not completely accurate in that planner- 


Commander =ceOordindtiaom external to the analytic process is necessary 
in the determination of expected attrition costs. Probability and 
attrition rate inputs to these costs must be agreed upon and fixed. 
Otherwise, commanders (very close to the threat) could escalate these 
values unreasonably and thereby inflate requirements (see Appendix 3 
for derivation of expected attrition costs). 


“See Pano leanie Fabian, Op. Cat... p. 9. 
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sl: a 


Subject to: m! Q ED y 
alg | Tj l 


= (he che) for allan | 
i — dj 


A 
where A - a vector of provisional vehicle levels 


zx 
Q, - a vector of provisional ship levels 


LE Vos. VY. - a planning target which measures the 
marginal increase in aggregate value 
of the amphibious force over all theaters 
resulting from a unit increase in net 


value of the force to the ith theater. 
The role of the planning target Y is a coercive one and its 
interpretation will perhaps be better understood after a review of the 


mitedgenereting activity oT the theater commander. Recall that the ath 


commander formulated his theater primal subproblem: t+ 


lrt was pointed out earlier that probability and attrition values 
used in computing expected attrition costs P. must be coordinated out- 
meme anal ere process. Theater commanders, however, are not 
likely to view the probability of amphibious operations with quite 
the same detachment as the planner. An alternative procedure could be 
adopted which would partially resolve this difficulty in a way which 
may be useful to the planner in deciding on relative priorities 
Deren Bent. coordination problem can, in fact, be finessed 
comp recel by permitting commanders to participate in the bidding 
procedure as if the prospect of an operation in each theater were 
certain, i.e. compute expected attrition costs using unit values of 
probability. The planner can retain judgment at his (national) level 
as to the relative probability of operations (and hence priorities) 
among the various theaters. To see why this is so, consider the ith 
theater subproblem after the jth bid: 


-K'". -P'o,. - L! 6..= P! X. 
I] 1J T JL. d 

The duality theorem states that the (maximized) net value of the 
amphibious force in the ith theater exactly equals its (minimized) 
expected attrition cost. But expected attrition cost P. is a linear 
function of the probability of an amphibious operation in the ith theater 
(see Appendix 3). Since K, F and L. are constants and P.X. is also a 
laumescsetron ot probability, the planner can legitimately Scale the 
theater bids by any values he may choose, to reflect the relative priority 
to be given the requirements of the different theaters. 
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Minimize: Pi X. i (la sus slm 


Theater Dual Variable 


subject to: K X; EQ m 
MUS aD m 

O le O. 

A Nr i 


Solution of this linear program using any provisional resource 


A ° s = = = 
vectors Que Q, will produce the theater bid vectors DE SEE ER lo 


the next bid submission to the central planner (as explained in 
Cap er T, page 26). 


tie planning target u is associated with the weight constraint 
n . 
1 
25 Pic = 1 of the central master program. This constraint serves to 
Ut 
require that the variables of the primal program are true averages of 


the ith theater bids (X T. us, 
be interpreted as the marginal value to the planner of a 100% increase 


j = l,... n, for example). V must 


(doubling the weighted average of the theater bid) in the net value of the 
amphibious force operating in the ith theater. Thus it is the marginal 
increase in aggregate value of the amphibious force to the planner 

which results from a shift of the output potential of the force in the 
interests of the ith theater (include more of the ships and vehicles for 
which the ith commander is bidding). The target y is used by the planner 
to insure that commandes "play the game", i.e. generate legitimate bids 


: ns A 
using the provisional vectors qe 
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To see how the target operates consider again the dual of the ith 


uester primal: 


Maximize: -Qi nos 


: -Q, 2 + DEO Sala? peasant 


subject to:* E Sb oe + T Jide oe Ate 


The theater commander solves the dual to obtain the next bid but before 
he sends the vectors forward he must peform a test using the value target 


7 4 


it Now the target % is significant to the commander because it is, in 


effect, the net value of his objective function (net value of the amphibious 
force m his theater) for the previous iteration of bids. This is so 
because uu is the value to the planner of a 100% increase in net value 


A = 
in the ith theater. Hence ‘= -Q! T. 


2505. + LS Ba The tostis 
J % j J 


i 


U I d Dn + L! — Y. That is, in the succeeding round of 
bidding, the commander must at least achieve the previous net value of his 
maximized dual objective function. This comparison forces the commander to 
choose bid values (avoid inflated bids) such that the total value of the 
amphibious force in his theater exceeds the total amount he is willing 

to bid for his potential use of the amphibious force by at least the target 
value (which he attained in the previous iteration). If he attempts to 
cheat by inflating bids artificially to influence the force composition in 
his favor, the (negative) effect of such a bid will cause him to fall short 
of the target and his bid will not be accepted by the planner.* After the 
comparison is successfully made, the commander forwards the new bid 


vectors to the planner. 


ithe theater dual includes the "missing" constraint of the original 
central dual, which was excluded from the central master program. 


“similarly, if the commander submits artificially reduced bids, he 
foregoes his opportunity to influence the composition of the force (relative to 
other commander3à There is a presumption of honesty in the entire bidding 
process, 
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Mie Opeamal Solution 

The planner-commander dialogue is not an endless interchange. 
After a finite number of iterations, the process terminates in an 
optimal solution. The target vector is used by the planner to 
identify the point at which this solution occurs. At some stage of the 
process, the planner will have a set of proposed bid and value vectors 
which do not violate theater cost constraints and which exceed or at 
least meet the previous target E entoupssersenototheseusecimecrmy 
theater, the planner recommends retirement for the commander). Suppose 


that after j bid proposals, m - 1 commanders have just met their targets 


and that the ith commander has exceeded his target 


-Q T. - Qs P- + L! o. > Y, 

The amount by which the ith commander has exceeded his target 
has been shown to be a measure of the marginal increase in the 
aggregate value of the amphibious force which the ith commanders jth 
bid proposal offers the planner. The planner will gain by revising 
the composition of the force according to the pattern recommended by 
the ith commander by incorporating his jth proposal and recomputing 
the central master program? 


Iterations are continued until all targets are exactly met. 


At this point optimality criteria are satisfied: 





lsee E Umo Educ OPA CIT., PD. 14. 





42 
(1) All theaters have just met their value targets - 


Qum -d:8. 4 L! 6. =4 f i 
PL > 9:4 L: uc Y Erin ana 


(2) Aggregate bid-cost equality is achieved - 


m m 
eee ancl UN «D. < 
1-1 x ii 1 — 


The central master is then solved for the optimal weights 


O 


Bis J = 1,2,...,ni which simultaneously yield optimal resource 


vectors OF and qe (via the dual of the central master)? 
No adjustment in composition will increase the aggregate value 
of the amphibious force (reduce its cost) and the value of the force 
is maximized (expected attrition cost minimized). The force composition 
E al to be recommended for acquisition has been identified and the 


decision process is complete. 


solution of the theater primal programs, using the resource 
Veetors DE Vinee ve lee pela lweehiod er venice le employment vectors 
X., 1=1,2,...,m as well. It is emphasized, however, that this is a 
mathematical result only. The vehicle and ship levels reflected in 
the optimal solution are imposed on the commanders. They must plan 
for future operations based on the "mix" selected by the planner 
(until the next review of the amphibious force structure). 








CHAPTER III 


SOLUTION 


The central planner is now prepared to summarize the results of the 
cooperative decision process in the form of amphibious force level 
objectives to be recommended. The decomposable linear program has 
been solved using known investment and operating cost information and 
successive bids generated by theater commanders. The commanders in 
the process have taken account of the operational effectiveness of the 


amphibious force to be recommended and found it to be adequate.” 


Results 
Tabulated below are the amphibious force objectives yielded as 


optimal solutions for the vectors Qi and Qos 


ime decomposable linear program model was programmed and run 
on a CDC 1604 computer using the DECOMP subroutine previously cited 
and the data in Appendixes 1-4. 
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TABLE X 


RECOMMENDED AMPHIBIOUS FORCE 


Vehicle/ Output 
Shep Mission 


RES S lHepi r 
CH46 n 


EVTP Armored 
Amphib. 


LVTX B 

SK-10 Gen. Amphib. 
LCA 17 11 
LARC -60 E y 
LCU 11 1? 


LCM-8 " " 


CPH (7) 
EBD I6) 
DSDS) 


E ETE) 


Inspection of this table provides an insight into the cost 
minimizing/value maximizing process of the linear program. 
are intuitively satisfying from both the planner's (cost) and the 


commander's (operational) viewpoint. 


L 


Central Ms ml 


DO een Ge Qs) 


340 


600 


124 


14 
16 
24 


MS 


Force to be recommended. 


Theater Subproblem Solution 
(Employments Levels) 


SEASIA 


340 


O 


300 


27 


14 


14 


For example: 


152 


O 


cog 


76 


24 


The results 


24] 


0 


600 


124 


10 


16 


24 


JS 


^Pigures in parentheses adjacent to ship classes are the levels 
available before 1970 treated as sunk costs in the analysis. 


SArmored amphibians are not required in the ship-to-shore assault 


role in CI. 


3 


MIDEAST NOREUR CI 


ES 


0 


N/A 
N/A 


82 


je 
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l. All theater output missicns can be accomplished by the 


force selected. 


2. No overall dominance is exhibited in the theater 
employment levels. NOREUR dominates MIDEAST and CTI, 


but not SEASIA. MIDEAST and SEASIA dominate only CI. 


3. The LSD is the most attractive ship because it is an 
efficient carrier of the SK-10, the vehicle selected 
to perform the entire "general amphibious" output 
mission. Since add-on LSD's were needed for NOREUR, 
it is cheaper to use some of these added ships in 
MIDEAST to embark SK-10's and LVTX's than some of the 


LPD's and all of the LST's already in the force by 1970. 


4. No additional LPD's or LST's are included in the solution 
and LST's are used only after all LPD's are employed in 
NOREUR. The linear program has used all available ship 


assets before "buying" additional ships (LSD's and LPH's). 


5. Although the sK-10 15 relatively expensive (exceeded only 
by the LCU which has been penalized for its non-amphibious 
characteristics), its superior performance dominates the 


general amphibious output mission. 


Vehicle/Ship Employment 
The way in which the vehicle force is embarked in the ships in 
different theaters is provided by the solutions of the theater 


subproblems for the employment vectors X; 1t lS. cos T 
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TABLE XI 


VENICE STE EMPLOYMENT 


Comp'tble Owe pu SIBAS LÀ MIDEAST NOREUR CI 
SHAD Vehicle Mission Veh Ship Veh Ship Veh Ship Veh Ship 
LPH CHS3 Inter JA A 126 229 156 
14 6 6 7 
(CES (0) ley 6 2 10 
LPD LVTX Armored 
Amphib. 300 O 6 0 
SK-10 Gen. Amphib. 20 al 140) 5 Sp 16 24 152 
SK-10 (0) 0 0 0 0 
BSD LVTX Armored 
Amphib. 0 600 0 0 
SK-10 Gen. Amphib. 0 2 43 24 DES 24 O 2 
SK-10 dab D 23 38 8 
LST LVTX Armored 
Amphib. 0 0 0 0 594 18 O O 


Leo) indicates that the vehicle performs also in the outsize 
output mission sub-category (See Table II, Appendix 1). 
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The Optimality Check” 

To see how all this comes about and to show that the decentralized 
s J process has, in fact produced an optimal solution, recall the 
optimality criteria that: (1) theater commanders just meet operational 
value planning targets and (2) the aggregate bid (operational value) 


TE : 2 
equals per unit investment and operating costs. 


TABLE XII 


FORCE VALUE PLANNING TARGET EQUALITY 


Theater Net Central Master 
Theater ore er au Alar e 
SEASTA s T 15 s ll: 
MIDEAST 17.2466 17.247 
NOREUR DI 28.2208 
Ci 13.6801 T3 550 


Table XII shows that commanders have exactly met the planning target 
generated by the solution of the dual of the central master program 
after the last round of bidding. This result assures the planner that 
no change in the composition of the force will improve its aggregate 
value (reduce its cost), and hence no repetition of the bidding process 


is required and an optimal solution has been determined. 


Lt is emphasized that the entire linear program problem was 
solved in an iterative process by one computer. The computer used 
l4 successive solutions of the central master program and the theater 
subproblems to yield the optimal result. This is a property of the 
decomposition algorithm. The theater subproblem, however, can be 
extracted from the computer program, and the central master will accept 
bid information computed externally, subsequently providing the required 
resource vectors and targets for the next iteration. That is, the 
theater subproblem can be solved in the theater. 


“Chapter II, page 42. 








VEHICLE/SHIP AGGREGATE BID-COST EQUALITY. 


TABLE ATT 
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mE P -E 
Vehicle/Ship SEASIA MIDEAST NOREUR CI 5, fi Sr 2 
CH53 4.2 0 0 0 ND, E, 340 
CH46 2.80 0 0 0 250 < 2.835 0 
LVTP 0388 3357 .0017 0 .3762 < .378 0 
LVTX 0 „2446 .0288 0 2734.42 22735 3600 
S| 10 0 0 .030 0 6.03 = 6.03 124 
LCA 0 0 .650 0 .650 < .652 0 
LARC -60 725 0 0 0047 7297 ME MES 0 
eu 1.467 0 5.790 .0266 7.2836 < 7.285 0 
LCM-8 0 20207 6S 7 .0063 1.9046 < 1.905 0 
LPH 79.31 0 0 0 79.31 = 79l 7 
LPD 0 .0020 34.15 0 34.1520 < 79.82 0 
LSD 0 .0068 66.45 .0073 66.464 = 66.45 19 
LST 0 .0068 16.62 0 16.6268 < 46.77 0 


Mese results reflect additional properties desired by the planner in 


the optimal solution. The sum of the bids for six vehicle types and 


two ship classes are less than related per unit investment and operating 


the olaa en does not "buy" LPD's or LST’s,is partially 
misleading from an operational standpoint. This is because these ships 
MiiGeiegeln camer missions met considered by the analysis. The LST, for 
example, is required for its beaching capabilities to land large numbers 
of tracked and wheeled vehicles of the landing force quickly. The LPD 
is a major troop transport and also operates helicopters. An alternative 
procedure could be to include the LST as a competitor in the "general 
amphibious" output mission (although these ships are not normally 
employed in the very early stages of the assault). 


¿Less ships whose costs are treated as sunk. 
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costs and no additions of these vehicles and ships were recommended in 
the optimal solution. Similarly, all vehicles and ships reflecting 
aggregate bids equal to cost were recommended in sufficient quantity. 


Two interesting points can be made from the table: 


1. SEASIA (the largest helicopter user) is bidding at the 
margin the entire cost of the LPH and the CH53; all other 


theaters having long been satisfied as is seen in Table X. 


2. NOREUR (the heaviest user of general amphibious vehicles) 
is bidding the entire cost of the SK-10 and LSD while still 
offering (low) bids for LPD's and LST's and some general 
amphibious vehicles. Clearly, the LSD/SK-10 combination 


is preferred. 


Solution by Individual Theater 

In order to investigate the effect of optimizing the amphibious 
force for one theater (plan) only, the model was solved for each theater 
individually (3 theaters deleted). Table XIV below compares the results 
of individual theater optimization with the combined optimal solution 


of Table X. 








Vehicle/ 
SAID 


IRIS 
CH46 
LVTP 
LVTX 
SK-10 
LCA 
LARC -60 
LCU 


LCM-8 


GEH 
LPD 
LSD 


LST 


TABLE XIV 
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COMPARISON OF INDIVIDUAL AND COMBINED SOLUTIONS 


SEASIA 
340/340 
0/0 
15970 
1057200 
0/27 
0/0 
98/0 
0/0 


0/0 


w TA 
16/14 
By 


18/0 


(Individual/Combined) 


MIDEAST 


S232 
0/0 

0/0 
600/600 
76/76 
0/0 

0/0 

0/0 


0/0 


6/6 
MO 
2/24 


18/0 


NOREUR 
241/241 
0/0 
0/0 
600/600 
124/124 
0/0 
0/0 
0/0 


0/0 


1100230 
16/16 
DM 


18/18 


CI 





166/166 
0/0 

N/A 
N/A 
9,32 
0/0 
89/0 
0/0 


0/0 


7/7 
16712 
S 


0/0 


Examination of the table shows that, except for NOREUR, the forces are 


different between the individual and combined cases. 


some useful information: 


ics 


The table provides 


In the individual case the theaters with the lesser general 


amphibious output missions used vehicles of lesser performance 


capability. 


siASTACUndeeT used the bARC-60, the least 


productive but also the vehicle with the highest output/cost 


ratio. (This result is easily justified when it is recalled 
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that sufficient time (4 hours) is available in the SEASTA 
and CI tactical plans for this vehicle to accomplish the 
general amphibious mission in these theaters). In the 
combined case, the need for SK-10's in MIDEAST and NOREUR 
forced use of this vehicle in SEASIA and CI in lieu otf the 


LARC-60. 


2. The inter-theater effects of the combined solution are quite 
apparent with respect to ships also. When theater plans 
are solved individually, available LPD's and LST's are used 
completely and no add-on LSD's are employed in SEASIA, 
MIDEAST or CI. (The NOREUR requirement exceeds this 
capacity and "buys" LSD's as expected). In the combined 
solution, however, it is less costly to use add-on LSD's 


in MIDEAST to substitute for some LPD's and all LST's. 


Sensitivity Check 

The most sensitive aspect of the costing procedure is the influence 
of the values asserted as the probability of the various theater 
eontingencies arising. Expected attrition costs P. E A Are 
linear functions of probability (see Appendix 3). In order to test 
the effects of changes in these values (and, incidentally, to test for 
possible complete dominance of the solution by the NOREUR tactical plan), 
the problem was solved in 5 increments which bracketed the probability 


assigned NOREUR in the basic combined solution (.05) as follows: 


EE 0.10 
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These changes in probability of operation in NOREUR produced no change 
in the overall force structure. The effect was simply to raise total 
costs by an increment of $16.7 million dollars. Acquisition costs 

of investment and operation clearly dominate the solution in this 


Probability range. 


Force Level Implications of Results 

The foregoing results suggest that optimizing the amphibious force 
for one tactical plan (one set of parameters) will not yield a force 
which iS optimal over a range of possible contingencies. Table XIV 
Shows, in fact, that radically different forces are required to meet 
theater contingencies taken individually (one amphibious force per 


theater) or collectively (one amphibious force for all theaters). 








CHAPTER IV 
CONCLUSIONS 


Contrast of Model Interpretations and Interactions 

The present application of the decomposition process to 
decentralized decision-making depends upon an interpretation very 
different from that commonly given in the literature to decomposable 
linear program structures. The interaction between the problem of the 
planner and the subproblem of the commander takes place in a way 
precisely opposite that of the usual firm-subdivision dialogue. The 
usefulness of the decomposition process is customarily demonstrated in 
a setting in which the firm desires to allocate firm-wide resources to 
subdivisions in a manner which will insure that subdivision activities 
are operated at levels which achieve some pre-determined goal Or 
firm at minimum cost.” In contrast, the decomposable model suggested 
in this paper is directed toward attainment of the goals of subordinate 
elements at minimum cost. The motivation attributed to the central 
authority in this context is one of developing an optimal resource 
mus news wiemenequaned, provide an Operational capability 
to any subordinate element adequate to accomplish the element mission. 

The iterative process emphasizes value at the point of use. 
It does this by permitting the resource consumer (commander) to 


influence the product of the resource supplier (planner). The 





Lose Bso Plane Fabian. Op. Cit., and Dantzig, Op. Cit. 
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planner-commander relationship is seen to be the reverse of the 
ordinary practice in which the firm (ultimately) dictates the product 
of the firm's subdivisions. In the present case, resource levels 

are proferred to the commanders who then determine the relative 
effectiveness of the different resource elements (to the commander) 
and respond with bids which measure marginal operational value. The 
aggregate commander bid reaction thus (in the optimal solution) 
dictates product levels to be adopted by the planner via the implied 
market mechanism of the linear program. The influence of the planner 
is used in coordinating the bidding process to insure that the 
aggregate bid yields a minimum cost force which is optimal from a 
comprehensive viewpoint,.i.e. it is the minimum cost force which can 
perform the mission in all theaters. The result is entirely plausible 
from an economic viewpoint. At the optimal solution, bids for the 
amphibious force accepted by the planner (aggregate operational value 
of the force) exactly equal its per unit cost (an outcome analogous 
peamnesumrensee/on of supply and demand forces in a market impelled 


toward equilibrium). 


Usefulness of Present Procedures 

The present procedure for determining amphibious force levels 
assumes that one general tactical plan is adequate for the development 
of future force objectives. The solution suggests that this procedure 
is questionable at best. Each of the four theaters included in the 
analysis required a different mix (individually or collectively). 


Further, no force developed for one theater could accomplish the 
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output mission of each of the others within the parameters established 
by the theater commanders. The one-plan approach to determination 
of ship and vehicle requirements does not appear to be a sound basis 


for future programming of amphibious force levels. 


General Applicability of the Decentralized Decision Process 

The analytic elements of a force level problem set out in this 
paper are the same inputs which are used in many of the programming 
procedures of the Department of Defense. Decisions are, in fact, made 
within the Department based on an information flow which is similar 
to the planner-commander dialogue postulated. The Secretary of Defense 
and the Service and joint components of the Department generate and 
evaluate force level proposals at least annually. The process requires 
an enormous negotiating effort -- some of it analytical, but much of 
j verbal and subject to interpretation. 

The decision process suggested can substitute an analytic 
technique, rigorously supported by mathematical and economic theory, 
for at least some portion of the procedure which relies on semantics 
and subjective judgment (experience). The planner-commander dialogue 
of the decomposition process provides for explicit expression of 
operational value and cost criteria in terms which are not open to 
interpretation in the sense that there is no doubt about what is 


meant (by a zero bid, for example) or how much. 


Improvement and Expansion of the Model 
The simple model developed clearly could not function as an 
instrument for decision-making in its present form. It should (and 


can) be improved by adjustment to accommodate other characteristics 
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of amphibious resources and operations which bear on the overall 
effectiveness of the amphibious force. The most critical deficiency 
in the model is that it does not account for the embarkation require- 
ments of the Marine landing force in an explicit fashion. Ships are 
generated only to accommodate the ship-to-shore vehicle force. It 
turns out that these ships are probably adequate to embark the initial 
assault elements of the landing force with substantial residual 
capacity remaining, but this result is by default. The model should 
be improved to accommodate vehicle force/landing force embarkation 
inter-action precisely. 

The model can easily be extended to include such additional 
performance considerations as vehicle cross-country mobility, 


Enalreanee. service life, and so forth. 


Additional Uses of the Model 

It its present form, the decomposable model exhibits other 
properties useful to the central defense planner which permit analysis 
of the effect of change in elements other than the variables of the 
programs tner coertijclJents are subject to parametrie variation, for 
example. This feature of the model permits the planner (or commander) 
to explore the impact on the force structure of changes in attrition, 
investment and operating costs, vehicle output capacities and So on. 
Another revealing aspect of a parametric analysis would be the 
examination of the effect of changes in output missions (requirements). 
It is these output requirements which dictate total costs. If 


requirements were not approved (as assumed) the planner could present 
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efficient alternative force structures and costs derived from such 
an examination (leaving to the policy-maker the decision as to the 
optimal force structure to be adopted). 

The model can be adjusted to reflect shifts in the strategic environment 
ENSEPelsted prioritijes. This is accomplished by changing the relative 
probabilities of conducting operations among theater (scaling commander's 
bids). As the probability of an operation in any theater increases 
(other remaining fixed) so does the relative influence of the theater on 


the composition of the force, and hence its priority is in effect increased. 


summary 

The decomposable model constructed in this paper is believed 
applicable in general to solution of force level problems which include 
basic ingredients of (1) operational capability to meet (2) a range 
of requirements at (3) minimum cost. It is a device for cooperative 
decision-making which can assist in insuring that the (minimum cost) 
force structure decided upon is completely feasible from an operational 
point of view because it places in the hands of the responsible user an 


analytic means for making his views known with certainty to the decision-maker. 





APPENDIX 1 
THEATER CHARACTERISTICS AND TACTICAL PLANS 


In order to determine the composition of a force of amphibious 
vehicles and ships suitable for use over probable contingencies, the 
military planner must consider the effects on amphibious warfare of: 
(1) differences in the operational environment between geographical 
regions, and (2) probable opposition in each region. Most of the 
probable requirements for large-scale amphibious operations can be 
placed in one of the three types of contingencies according to the 
dominant terrain of the area: jungle, desert, and cultivated/ 
industrial. 

For purposes of visualizing and subsequently evaluating the 
relative influence of different regional environments on the desired 
amphibious force, four operational theater contingencies which require 


U.S. preparedness for amphibious assault operations are postulated: 


(1) Southeast Asian theater (jungle) 
(2) Middle Eastern theater (desert) 
(3) Northern European theater (cultivated/industrial) 


(a5 Counterinsurgencey” 


Each of the theaters exhibit certain operational characteristics which 
encore type of Marine force to be Landed. and tne way in 
which it is desired to land that force. Primary factors which affect 


cacao mor each area are: 


ithe een cangeney for operations aman amnsurgency environment 
is geographically unrestricted. 
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(1) The sea approaches and beach configuration 


in the objective area. 
(2) The terrain in which the Marine landing force 
will operate. 


(3) The amount and quality of probable enemy opposition. 


in the discussion which follows, it is assumed that the amphibious 
assault is delivered from a Naval amphibious task force composed of 
Naval amphibious ships and vehicles and a Marine landing force of 
eonbanced arms, air and ground. it is further assumed that the landings 


are opposed and occur in circumstances of active combat. 


Southeast Asian Theater (SEASIA) 

Consider first the amphibious environment of the SEASIA theater. 
Open sea approaches to probable objective areas in this region of the 
world are relatively unrestricted and ample sea maneuver room is 
available. In addition, opposition to the seaward activities of the 
amphibious assault is not expected, since no significant opposing 
Naval force exists in this area. Many beaches suitable for landing 
amphibious vehicles are available, although major difficulty is 
presented by the limited water depth of the close-in approaches to 
Duces NE5rsdnodis shoating waters surrounding the beaqenes have the 
effect of forcing the amphibious ships to launch assault vehicles 
rompas tancss well aut to sea, often 10 miles or more. Ine terrain 
in which the landing force must operate is largely thick jungle, with 
very few roads, and is impassable to heavy military vehicles. Clearings 
resulting from crop cultivation are frequent in the jungle canopy, 


however. The characteristic lack of ground mobility in this theater 
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Acera ip bili of clearings dictate primary reliance on the 
helicopter for tactical maneuver. With respect to the third factor 
listed above, armed forces in this region of the world consist mainly 
of large infantry formations which characteristically conduct a mobile 
defense taking advantage of the jungle canopy, but offering little 
initial opposition in the beach area. These types of forces can 
successfully be taken under attack by helicopterborne Marine forces 
Supported by tactical aviation (a capability not found in armed forces 


OLAS EAS LA). 


Middle Eastern Theater (MIDEAST) 

Conditions for amphibious assault in the MIDEAST theater are in 
direct contrast to those of SEASIA. Here open sea approaches are 
more restricted, and available sea maneuvering space reduced in the 
Mediterranean, Red, and Arabian Seas. Although Naval forces in this 
region are limited and pose no important threat to the task force at 
cocine presence of substantial tactical aviation opposition coupled 
with more restricted sea space requires the amphibious task force to 
launch the assault from greater distances, enabling the task force to 
maneuver evasively, if required. Numerous beaches are available, and 
the close-in approaches more suitable for deep-draft amphibious ships 
than those of SEASIA. Ground mobility for the heavy tracked vehicles 
of the Marine landing force is unlimited. The type of opposition to 
be expected in MIDEAST influences the composition of the landing force 
to a greater extent than in SEASIA. In this instance, light helicopter- 
borne forces are less effective against the armored formations of 


nations in this area than against the infantry forces typical of SEASIA. 





61 

Further, the significant tactical aviation capabilities of some 
Peek sEastern nations reduces the utility of the helicopter. There 
is also some possibility of a requirement for direct assault over 
beaches defended by mines, obstacles and entrenched forces. 

| The amphibious environment in the MIDEAST theater thus suggests 
emphasis on a capability to land Marine forces which include 
Ss tantral armoredzenphibian, tank and artillery capability with a 
derivitive requirement for an amphibious force able to land the heavy 


units characteristically employed in desert warfare. 


Northern European Theater (NOREUR) 

Amphibious operations in the NOREUR theater are the most difficult 
of all four postulated contingencies. Here available beaches are 
severely limited.  Maneuver space in the North Sea is greatly reduced 
in comparison to the other theaters. Substantial Naval as well as 
tactical aviation opposition can be expected at seal These Condicions 
require that the assault be launched at maximum possible distance in 
a minimum time period to permit the Naval task force to maneuver to 
protect itself while continuing to support the Marine landing force 
ashore. Heavily armored forces can be anticipated in probable 
objective areas, supported by powerful tactical aviation elements. 

A further complication, not exhibited in the MIDEAST or SEASIA 
theaters is the probability of entrenched beach defenses protected by 
extensive water and land mine fields and other obstacles. Armored 
amphibians must be provided in adequate numbers for direct assault of 
these defended beaches. The Marine landing force must be heavily 
weighted by added tank and artillery units for landings in this region. 


Because of the probability of strong beach defenses, a capability 





‘the maneuver space requirement is closely linked to the 
Submarine threat. 
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to avoid shore areas must also be retained. In amphibious assault 
operations the employment of helicopterborne forces which can overfly 
or flank defended beaches provides the tactical flexibility needed to 
reduce the effectiveness of enemy opposition in the beach area. Asa 
consequence of the quality of the expected enemy in Northern Europe, 
in combination with a propensity to defend at the beach, the conduct 
of amphibious assaults in Northern Europe requires the availability 
Srebern helveepter and heavy surface assault capabilities in the 


amphibious force. 


Ponmpendusumsgeney (CT) 

The preceding theater contingencies are related to geographical 
areas and are presumed to require preparedness for landing under 
circumstances of conventional combat. There is one type of requirement 
for amphibious operations not provided for in these contingencies, 
none whichehas a very high probability of occurrence, The need 
for an amphibious force capable of dealing effectively with problems 
of insurgency during the period 1970-1979 can be anticipated. Because 
eeemian seeds winewhieh insurgency might arise; 1G dees nor seem 
reasonable to relate such a requirement to a single geographical area 
(theater). The multitude of possible types of insurgency would also 
EM "Euisaoashabyegve for analysis. Rather, >a singe. generalized 
counterinsurgency theater is postulated for the purpose of identifying 
requirements for a wide range of operations in such an environment. 
Titian yveecouncerimsurgqency Operations encompass a very broad spectrum 
Sn Macy ic” banging from quelling eaviledisturbance to defeating 
highly organized compaigns of terror, sabotage and subversion. 


ui i Oo has kind do not require the farepower of the ordinary 
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Marine landing force which is capable of breaching established 
defenses or destroying heavy armored units. Indeed, the need is for 
a far less obtrusive force which can do the job with dispatch and be 
withdrawn as quickly as it is landed when local forces are able to 
resume control. 

The composition of a counterinsurgency force emphasizes mobility 
and capabilities for quick reaction, occupation of many locations 
simultaneously, rapid communications, and effective intelligence. 

The helicopter is the most useful means for providing light, fast-moving 
units which exhibit these characteristics. Concerning the ship-to-shore 
movement, the most important factors are the ability of the force to 
seize key locations over a large area, and to establish an effective 
base of operations for command and control and logistic support ashore, 
all in a short period of time. Armored amphibian vehicles, though 
useful in counterinsurgency operations, are not required in the sense 

GF c L Pid or conditions Of active combat. In this context tne 
us Gi operation 1s net an assault, but a rapid deployment ashore 

of forces preponderantly infantry in nature.  Probable insurgency 
develops a requirement for a substantial helicopterborne capability 

with a greatly reduced need for an amphibious force capable of rapidly 
delivering all of the heavy firepower and logistic support elements 

of the normal Marine landing force. The surface portion of the ship- 
to-shore movement in the counterinsurgency environment is devoted 
primarily to quick and efficient off-loading of logistic and headquarters 
units and supplies with only small security forces normally required in 
advance. Further, ship-to-shore distances are typically reduced, and 


requirements for security at sea correspondingly small. 
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Representative Theater Tactical Plans 

The foregoing comparison of the factors influencing the conduct 
of amphibious operations in the four scenarios furnishes the necessary 
background for development of representative tactical plans which 
permit translation of the theater requirement for an assault capability 
into terms of specific forces which can be measured and evaluated for 
purposes of operational and economic analysis. These tactical plans 
are the output mission requirements to be used by the central planner 
in the force level decision-making process. 

Tactical planning to accomplish the mission of an amphibious 
ee-eaetoneinelndes: th) che selection of physical military Objectives 
to be seized or destroyed, such as terrain features and enemy forces 
and installations which are identifiable on the ground; (2) the 
determination of the composition of the Marine landing force necessary 
to achieve these objectives; and (3) the means and timing of delivering 
the landing force to accomplish the mission. Although many other 
factors must be considered in amphibious planning, the purpose of the 
present analysis is served by developing those elements of the tactical 
plan related directly to the ship-to-shore movement which require 
answers to the following questions: 

(1) How shall the landing force be structured (organization, 

number Of troops, types of equipment, supplies)? 

(2) How shall the elements of the landing force be landed? 


(3) How much time is available for the ship-to-shore 
movement and over what distances must the landing 
force be transported to the selected military 


Gbyecurvyes 7 


(4) What are the lift requirements of the separate 


tactical elements of the landing force? 
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E Expeditionary Force (MEF), varying in size and 


composition according to the most probable conditions anticipated in 
each theater, 1s selected in this analysis as the landing force to be 
launched from amphibious assault ships of the Navy. The MEF is a 
flexible task organization which normally includes a Marine Division 
and a Marine Air Wing, together with other reinforcing elements. 
Different landing force requirements for varying contingencies are 
accommodated by adding or subtracting units from the MEF. For example, 
Adagtetondl tank units can be added, or helicopter units subtracted> 
depending on the particular situation. 

The major maneuver elements of the Marine Expeditionary Force 
are the Regimental Landing Teams (RLT) which vary for the same reasons 
in size and composition. A helicopterborne RLT is smaller, and 
Substantially ligher than the surfaceborne RLT, for example. An MEF 
ordinarily contains three RLT's. The representative tactical plan for 
each of the four theaters is expressed in terms of the means by which 
these RLT's are to be landed and the probable conditions of distance 
and time which are the minimum acceptable to ensure an effective assault 
capability for the probable theater contingency, and accordingly 
represent maximum output mission requirements. 

Table I below contains a summary of pertinent characteristics 
of each theater as described above and presents tactical aspects of 
the plans which reflect the differences identified in the operational 
environments and Marine landing force composition among the four 


chests l 


Imere are, of course, an infinity of possible plans for each 
theater. Tactical plans are as varied as those who draft them. 
Those postulated in Table I are intended to highlight relative 
differences between theaters, and not probable absolute magnitudes. 
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E Mc bung Proeess and Determination of Output Mission Lift 
Requirements 

Output mission lift requirements to be met by the amphibious force 
are extracted from the representative tactical plans of the four 
theater commanders (SEASIA, MIDEAST, NOREUR and CI) and are presented 
separately from other output mission parameters. This is done for 


the purpose of describing the planning process in general terms. 


iiec TES 1r1G 

Tactical planning is done by each theater commander in a series 
of interdependent steps which are influenced by the mission assigned 
and the factors of expected enemy opposition, terrain, and beach and 
sea conditions described above. 

First, military objectives are selected (terrain features, 
enemy forces) ashore which will provide for accomplishment of the overall 
landing force mission to seize the force beachhead. At this time, 
a general estimate is made of the overall size and type of landing 
force needed to accomplish the amphibious assault as well as subsequent 
operations. Next a scheme of maneuver is prepared which describes how 
and by what elements of the landing force these objectives will be 
attacked. The scheme of maneuver thus designates military objectives 
for the major maneuvering elements of the MEF and also directs at 
what time and how these elements will land: by helicopter, or 
armored amphibian vehicle. The evaluation of the size of the force 
needed is then refined and a task organization specified which 
Sileecateceumits to maneuver elements (RLT's) and other subordinate 


tasks. 
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Tactical planning decisions are now made as to how and when the 
remainder of the MEF is to be landed. This portion of the landing 
force is substantially larger than the RLT's and includes major 
heavy fire support and logistic and administrative elements. Part of 
this remainder must be landed by general amphibious vehicles (other 
than armored amphibians) -- heavy fire support units such as tanks 
and artillery are characteristic of this assault requirement. The rest 
of the landing force is generally landed by any means available (except 
armored amphibians which remain ashore) during a time period of 3-7 days. 

To summarize the tactical planning sequence: 

First -- military objectives to accomplish the overall 


mission of the landing force are selected. 


Second -- a scheme of maneuver is prepared, the landing 
force task organized for the attack, and 
missions assigned to the task organized 
elements, including objectives, times and 


means of assault. 
Third -- decisions are made as to how and when the 
remainder of the MEF will land. 

Piewrourehednd final step is to quantify the requarements 
generated by the planning sequence and assign output missions to the 
amphibious force for the execution of the ship-to-shore movement which 
is integrated with and directly supports the landing force scheme of 
maneuver and the related task organization. (Those aspects of the 
output mission imposed by the tactical plan which are related to 


time, distance, and means of assault are shown in Table I). 
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Determination of the Output Mission 

Time and distance parameters are correlated with the physical 
size and weight of the men, equipment and supplies comprising the 
separate task elements to be delivered ashore. The magnitude of the 
total demand placed on the amphibious force is determined completely 
when the tonnages to be lifted in each output mission are identified. 
Landing force output mission tonnages can be seen to fall in four 
categories wnieñ are derived directly from the planning decisions of 
the commander. 

1. Helicopterborne assault RLT's 

2. Armored amphibious assault RLT's 


3. Combat support forces not a part of the RLT's which 


are transported by general amphibious vehicle means 

4. The remainder of the MEF which is unrestricted as to 

the type of surface vehicle required.” 

Table II contains the lift requirements (in short tons) for each 
theater in each output mission and reflects the differently configured 
landing forces required in each instance. In the table, the tonnages 
for the separate output missions which identify the tasks of the 
amphibious assault vehicle force are listed for the SEASIA theater. 

A multiple is then assigned in each category for the other three 
theaters to reflect the differences in composition among the four 
forces. For example, for NOREUR the table shows the basic SEASIA 


MEF reinforced by one RLT (for a total of 4) and additional tank, and 


this DUEpuiGe mission 1S not considered by the wamalysis but is 
s tore dts explanatory value in the description of the overall MEF 
lift requirement (see Footnote 3, Table II). 
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other heavy fire support units needed to initiate combat on the 
European mainland. Similarly, the reduced helicopter requirements for 


the MIDEAST scenario are reflected by a multiple of % of the SEASTA 


Jj 
requirement. 


The output mission requirements, Table II,constitute the elements 


of the theater requirement vectors Ls, i ea n 


Estimates in Table II for weight requirements are generally 
based on unclassified planning factors contained in Marine Corps Schools 
planning exercize "Apex" conducted in May-June 1967. Although the 
estimates are believed generally representative, no pretense is held 
that they are accurate forecasts of actual future Marine landing force 
lift requirements. 
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TABLE II 


OUTPUT MISSION LIFT REQUIREMENT" 


MEF Output Mission Theater Multiple 


Lift Requirement 


SEASIA MIDEAST NOREUR eal 
(short tons) (Vector Li) (Vector L5) (Vector Lo) (Vector Ly) 
ill, HCPTR (Aslt Elms 2 RLT) 
a. Unlimited - 1900 J 4 1 o 
b. Outsize - 100 l d al es 
2 
2. Armored 
Amphib (Aslt Elms 1 RLT) 
a. Unlimited - 1500 1 2 2 0 
2 
3. General 
Amphib 
a. Unlimited - 6000 1 qs d a5 l 
Hee Outesize - 2000 l 2.0 2:0 Ji 
| 3 
4. Unrestricted 
a. Unlimited - 54,000 Ji ei, P S 
b. Outsize - 2000 jp 29 270 0 
TOTAL 60000 71000 82000 31500 


loutsize tonnages are the summed weights of individual lifts 
which exceed the capability of at least one of the candidate vehicles 
in any output mission. Unlimited tonnages can be embarked by any 
candidate vehicle operated in a particular output. mission. 


Initial assault output mission lift requirements (incl. troops). 


SThis portion of the output mission is not included in the analysis. 
Earlier computer solutions of the linear program revealed that the initial 
assault output mission for general amphibious vehicles (which must be 
metbefore the unrestr. output mission) produced more vehicles than 
necessary for the unrestricted mission by several orders of magnitude. 





APPENDIX 2 


AMPHIBIOUS VEHICLE AND SHIP VECTOR DESCRIPTION 


Resource Vectors 

The analysis is directed toward solution of the vectors Qi (vehicles) 
and Q. (ships). Tables TIT and IV identify the composition of these 
vectors by individual vector element and describe the general 
characteristics of the corresponding candidate vehicles and ships. 
Capabilities of the vehicles and ships are listed in Tables VIII and IX, 


Appendix 4. Costs are tabulated in Table VI, Appendix 3. 


TABLE TIT 


CANDIDATE VEHICLES (Resource Vector ap 


Vector Q4 
Vehicle Element Description 


HS I Cargo Helicopter - a heavy assault, 
single rotor, ramp loading heli- 
copter capable of lifting all 
landing force equipment normally 
required for helicopterborne 
operations. 


CH46 2 Cargo Helicopter - a medium assault 
tandem rotor, ramp loading heli- 
copter capable of carrying the 
major part of landing force equip- 
ment used in helicopterborneoperations. 


LVTP 3 Landing Vehicle, Tracked, Personnel - 
an armored amphibian vehicle 
required for breaching established 
beach defenses and for subsequent 
mechanized operations. 





Ime list of candidate vehicles could be expanded to include 
many more types. Those selected are considered most feasible (by the 
writer) because they are either: a) available now, b) proven through 
prototype test, or c) are extensions of proven vehicles. 


12 





Vehicle 


LVTX 


SK-10 


LCA 


LARC -60 


LCU 


LCM-8 


Vehicle Q 


Element 


4 
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TABLE III - Continued 


Description 


Landing Vehicle Tracked - A new 
armored amphibian vehicle, similar 
to the LVTP but somewhat smaller 
with lower payload offset by 
improved water and land speeds. 


A proposed air cushion vehicle 
with amphibious capabilities 
sufficient to embark all equipment 
of the landing force. 


Landing Craft Assault - a new 
amphibious vehicle mounting a tank 
track and suspension system 
capable of embarking most landing 
force equipment except tanks. 


Lighter, Amphibious, Resupply, 
Cargo - a large, wheeled amphibious 
vehicle capable of embarking all 
landing force equipment. 


Landing Craft Uti b ETHICS 
non-amphibious landing craft 
which must discharge its payload 
or be off-loaded at the water's 
edge (capable of embarking all 
landing force equipment). 


Landing CrettoMeouum sn sori 
to the LCU, but smaller. 
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TABLE IV 


CANDIDATE SHIPS (Resource Vector Q,) 


Vector Q, 

SNID Element Description 

EPR i Landing Platform: pela cop Lor 
(officially "Amphibious Assault 
Ship") - a large helicopter carrier 
with flight and hangar decks to 
embark and operate helicopters only. 

LPD 2 Landing Platform, Dock - an 


amphibious ship configured with 
a m deck and small well deck 


PARADIE SipsPETAGne llo vehicles 
SD 3 Landing Ship, Dock - an amphibious 
ship with a large well deck capable 


of embarking and operating all 
vehicles except helicopters. 


LST d Landing Ship, Tank - an amphibious 
ship with a large tank deck used 
to embark armored amphibians. 
(LST's are themselves capable of 
beaching but are not employed in 
that role wn This tana l/s ios 


I Certain older ship classes currently in use are not 
feasible candidates for embarking and operating the vehicle types 
considered by the analysis. These classes include APA's (Attack 
Personnel Transports) and AKA's (Attack Cargo Transports). 





de 
Theater Vehicle Employment Vectors 

The u of the theater resource employment vector X: 1 ann ss 1 
identify: 

l. The output mission(s) in which the vehicle operates 

2. The ship type(s) in which the vehicle is embarked to 

perform that mission. 
This formulation permits a vehicle to operate from more than one ship 
type to accomplish the output mission(s) for which it is selected as 
a feasible candidate. Table V lists the elements of the vector X; by 
ship and output mission. 

As an example of the interpretation given theater employment 
vector elements, consider the SK-10. The SK-10 performs in two output 
missions, general amphibious unlimited and general amphibious outsize 
(see Table II, Appendix 1). Table V shows, however, that it can engage 
in these missions when operating from two different ship types - the 
LPD (elements 6 and 7) or the LSD (elements 17 and 18). 

The effect of the technique on the analysis is significant. 
Individual ship and vehicle types do not compete directly for selection, 
but in combinations of ships and vehicles. To see that the method 
makes intuitive sense, consider again the elements 6 and 1/. These 
elements are respectively the number of SK-10's operated from LPD's 
and LSD's. Since the two ship types exhibit different costs and 
capacities, it seems reasonable that one combination may be preferred 
[esses hen. 

Perhaps the best way to grasp the meaning of the 27 elements 
of the employment vector is to reason that each vehicle would perform 
its output mission(s) in different ways if embarked in different ship 
types and hence each of the elements represents a separate technique 


for delivering Marine landing force units from ship to shore. 





TABLE V 
THEATER VEHICLE EMPLOYMENT VECTORS X: S 
Class Ship 
In Which 2 

Vehicle Embarked Output Mission Vector X, Element 
I 53 LPH Herik 1 
MESS ü w O) 2 
CH 46 i " 3 
ENTE LPD "our e m = 
LVTX Ü " G 
SK-10 u GEN AMPHIB 6 
SK-10 y " (0) 7 
LCA " " 9 
LARC -60 Ú " 9 
LARC -60 A H (O) 10 
LCU " " 11 
LCU A 1 (O) 12 
LCM-8 11 H 13 
LCM-8 D " (0) 14 
LVTP ti‘ . Sp — RARMORED AMPHIB 15 
LVTX » 1 TG 
SK-10 i GEN AMPHIB Ez 
SK-10 i i (0) T8 
LCA Ü i 19 
LARC-60 i T 20 
LARC -60 N n (0) 2 
LCU 2 i 22 
LCU E = (0) 23 
LCM-8 2 N 24 
LCM-8 ps he (0) 25 
LVTP LST ARMORED AMPHIB 26 
LVTX u M 27 





loutput missions are described in Appendix 1, p. 69. 


2(0) denotes that the vehicle operates in both outsize and 
unlimited output mission sub categories. 





TF 
The Distribution Submatrix K 


The theater vehicle employment vector X. contains 27 elements 
which identify particular levels of 9 candidate vehicles embarked in 
4 ship classes competing in 5 output missions. The mathematical device 
or Te central and theater primal linear programs which is used to 
correlate this vector with the (total) vehicle vector Qi in the constraint 
mu) ssbehecsubmatprix K. The distribution submatrix K is a matrix 
of unit coefficients which, when pre-multiplied times the employment 
vector X; results in summation of the levels of each vehicle type 
operating in designated output missions distributed over all ship classes 


for comparison with the 9 resource elements of the vector "E 





APPENDIX 3 


COSTS 


Costs considered in the analysis are of two types: Systems 
costs, which include investment and operating costs associated with 
peacetime procurement and operation of the amphibious force, and 
expected wartime attrition costs. 

Por purposes of the analysis, it is assumed that the entire existing 
amphibious vehicle force must be replaced and that there are no inherited 
assets from the present force. It is further assumed that there is 
no salvage value at the end of the planning cycle and that all vehicles 
and ships have a ten-year system life. Costs of candidate amphibious 
ships programmed to be available before 1970 are treated as sunk. 

The planning cycle selected is the 10-year period 1970-79. All 
of the vehicles considered (Appendix 2) are either available now or 
can be in production in sufficient time to achieve a readiness date 
in 1970. No development costs are attributed to any of the vehicles 
Since development work on even the more advanced types (SK-10, LCA) 

O p (n lal] complete and acquisition costs are constant over any 


erseurement range. 


Investment and Peacetime Operating Costs 

Total systems costs of investment and peacetime operation are 
computed as of the year 1970. That is, all investment is assumed to take 
place in that year and is not discounted.  Peacetime operating costs are 


discounted at 10% over the period. These costs are shown in Table VI. 


78 
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since the problem is one of determining the relative cost- 
effectiveness of the amphibious vehicles and ships, the preceding 
Esca ESssumpbJOns do not favor any particular vehicle. This is true 
in particular of those vehicles available in the future for which 
substantially higher relative performance is anticipated. Investment 
costs, if discounted in terms of time of availability, could weight the 
analysis in the direction of these more productive vehicles because 
of the apparent (when viewed from the present) lower costs. Investment 
and discounted peacetime operating costs of the vehicles and ships 
are respectively the elements of the cost vectors C, and C, associated 


1 2 


with the resource vectors Q; and Qo. 


Erpreted Attrıtıon Costs 

Ns On Of expected attrition eosts in Ehe analysis i 
at once the most sensitive aspect of the costing procedure and the 
most interesting. In the analysis, expected attrition costs are 
determined for each theater (SEASIA, MIDEAST, NOREUR, CI) as a 
function of the estimated probability of a requirement to conduct one 
amphibious operation in the particular theater, the expected total 
attrition for each vehicle during the assumed period of the initial 
assault and the (undiscounted) replacement cost. 


Let N - probability of conducting an amphibious 


operation in a particular theater 


n expected attrition for each vente len 


each theater 


R - replacement cost (equal to initial 


investment cost) 


Pee pected attrition costs Torpeda 


vehicle type in each theater 
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Then P =NAR 


That'is, the expected attrition cost in the ith theater is 
the product of the probability of one amphibious operation in the ith 
Pear pected vehicular attrition, and replacement cost. The 
expected attrition costs computed for each vehicle in each theater 
become the elements of the expected attrition cost vector, D" i- b EP. 
Table VI lists the values of these cost parameters. Clearly, 
the entire analysis is sensitive to the magnitude of attrition A and 
the probability of an amphibious operation N. The asserted values 
are estimates based entirely on the writer's judgment. These parameters 
are themselves the subject of much analysis, none of it conclusive and 
alison it classified. Nothing is claimed for them except that they 
are believed to be at least a reasonable estimate of the relative 
ordinal ranking of probabilities between theaters and expected attrition 
among the various vehicle types and provide a basic input needed for 
the analysis. It is only suggested that the model constructed for the 


ps Senan) sas or che problem of force selection 15 general an nature 


and will accommodate any value which may be preferred to those chosen. 


andino Craft Costs 
A special case of the general costing procedure which requires 


amplification is that of the non-amphibious landing craft (the LCU and 





No attrition is assumed for amphibious ships, hence no 
expected attrition costs are attributed to ships. 





8t 

S 

i 9T 
L 


8l 


LS’ 
zus] 
-adl 
ahd I 


| :9J1e YUNS se po3eeJ3 ele 
S1s020 auəu3asəAur esou^ (sdrug £urtaubrj s,euep oj Hhutpszodo9e) O61 Aq atgqetteae sd Tus, 


*3502 £utieaado Tenuue = Q0O9y$ X malo + 
3802 TINU %0T :sunpadoad ÁnAeN piepueas eya £futsn paurwis2198p due s3so9 Futyjeuado Ir) 








'*sdrus furaubrj s,euep uo4gj] pe3oeuixe 8d? sasoOo drus, 





* (pa3epun) saTotyaA JƏJSULIL OILI 10j srsÁTeuy sseueAr32sJjjg uorssIW “Apnıs 
uorijeuodqoj ÁaeuruoeW pooj 9 uoij pa3eTode13xXa2 adc ÁT3O234T1D peioed3xe edP S}SOD OTOTUSA, 
LZ‘9Z:1ST °SZ-ST:AST (vl-v :da'1 


ur sdrus e3seufrsep saequnu 3ueuera 
drus ‘suotsstw 3ndàno uà3r^ sdio328A 


te-T *H41 : SMOTTOJ SY UOTSSTU andıno Áq paxuaequa yotym 
eae tf’ T = T °X sa0329A 3ueuÁAoTdius JajeaYyA pUuE səsə 
"d aya JO UOTYETSAIOD 103 T Xtpuaddy “*A ƏTqeL 998. 


- 





330Uu2003 








52*v2/vT*ETÍIL00" STO" S00° z9z0° z0° OD i EL 


ESCHE. 1) S2T0: £290° 6020° SHOT’ nO SE: us L 


TZ*0Z/0T*6 19S00° SZTO° 00” £920" Zo” Sc" po SE 
€1/8 |bz00” ZTO"” ESOO" SZZO" To: c" S€' ST 
8T‘ıt/L‘9 |8820° 9L50° 960° 60° Tes 80° Zz” So’ 


























LZ/9T/S V/N 6€00' ETOO” 6Z00” V/N BIIEN OS 
92/51/v Y/N 8L00” V/N EN ve Es 
€ vO> 70° SO: E” £g" ds 
e T EO” = 30" so‘ EU FI: 
JuswsTq I m IN was I m aN was To JN GN  va3s|| *1adg “ostq 
3 *353AU] 
Fa T1 etorueA/1so9 912tueA Tex0], 
101224 UOTIATAIAY Pa3109dx3 /aoerday uoT3e1sdo Jo 'qoudg sToTyaA Aad UOTYTAJYAY 2. cl 
518209 





T3 T9IH3A/ SLSOO NOILIHLLV ddLoddxd NW3LVdHL 





(¿010 3430) IA JIEVL 


fe OV 


€6° S8 


SS DOT 


Ly’ vor 


*asado 3 
'31seAuI 
"9srpun 


Te2oL 


EL Le 
St ' Ot 
¿8"8€ 


TE 6E 


* 1ado 
“ak OT 
(9601) 


'Ostq 


0r ££ 
£6'6v 
duced 


Lv'v9 


* 1aado 
AS O 
*ostpun 


SE 
9E 
Tv 


Ov 


ASBAUT 


dIHS NO FIOIHGA/LSOO WALSAS “YA OT 


EE US 





uəwə Ta 
a «o 


I, ely 
S10329A 


Y 


nod 

09-7 OMV'I 
vor 
OT-XS 
XLAT 
dLAT 

9v HO 


£S HO 


aTotya 
z TOTYƏA 


drus 
ao 


STOTUSA 








82 


the LCM-8). In order to compare the effectiveness of these craft 

with other candidate vehicles it is necessary to develop a supporting 
system of equipment which will permit the landing craft to compete 

for a role in the amphibious ship-to-shore mission. It is first of all 
apparent that these craft cannot themselves deliver tonnages inland. 
The payload of landing craft must be off-loaded at the shore-line and 
subsequently transported inland the distance specified by the tactical 
pran. 

In present-day amphibious operations the capability to off-load 
landing craft at the beach is furnished by the shore party battalion 
which includes the necessary cargo handling equipment. The means to 
transport the landing force materiel delivered by landing craft to 
jo ii LTO Sis provided by motor transport battalions. It is 
emphasized that these organizations are not required to support the 
operations of the other vehicles of the candidate force, except for 
a small command and control element of the shore party battalion which 
would be required to control landward activities of the ship-to-shore 
movement. Total costs of landing craft in Table VI reflect the 
following contributory costs which are in addition to ordinary LCU 
and LCM-8 system costs of investment and peacetime operation. 

1. Three-fourths of the investment and peacetime 

operating costs of a shore party battalion allocated 
1/3 to the LCM-8 and 2/3 to the LCU based on estimated 
numbers of LCU's and LCM-8's required to support 


present-day MEF level operations. 





83 
2. The cost of procuring and operating that 


number of 5-ton trucks needed to transport the 
payload of each landing craft (40 trucks to support 


each LCU and 12 trucks for each LCM-8). 


Table VII lists the costs developed to reflect the "true" 


costs of landing craft for comparison with amphibious vehicles.” 





the cost penalty assessed against the LCU and LCM-8 for 
their non-amphibious characteristics is somewhat arbitrary and other 
allocations could obviously be used. Nevertheless, some penalty is 
required. Otherwise, these craft (which are the backbone of the 
present-day force) could not compete at all! 
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TABLE VII 


LANDING CRAFT COSTS (X109, 1 


Cost Category LCU LCM-8 





Landing Craft 
Invest HS a2 


10-yr. Operate 
(discounted) 1.54 so 


ohore Party 
Invest 20527 027 
10-yr. Operate 
(discounted) „255 .128 


error Transport 


Invest 2736 22 
10-yr. Operate op il . 
(discounted) 

TOTAL 12895 ESOS 


Ishore party and motor transport costs are investment + 10 yr. 
discounted operating costs for these units obtained from appropriate 
Se Cetonomimedcedqgiarters, U.S. Marine Corps. 





APPENDIX 4 


CEA CET OUTPUT COEFFICIENT AND SHIP CAPACITY 


The constraints of the basic primal linear program from which 
the decomposable dual is derived are related to specific amphibious 
Force output missions for delivery of the landing force ashore. 
These output missions are expressed in terms of the tonnages, 
times available and distances specified for the particular ship-to- 


shore movement (see Appendix 1). 


Vehicle Output Coefficient 

The primary measure of effectiveness selected for evaluation 
of the vehicle force is the relative capability of the various 
combinations of ships and vehicles to transport and land the landing 
force tonnages (output missions). Thus the magnitude and distribution 
of landing force combat power ashore delivered to particular 
objectives in a specified period of time are considered adequate 
measures of effectiveness for the selection of the amphibious force. 

The aggregate effectiveness of a particular combination 
of vehicles in an output mission depends upon the separate lift 
contribution of each vehicle in the selected force. Consequently 
an "output" coefficient has been derived which permits computation 
of the relative productivity of each vehicle. 

These values are then related to each amphibious vehicle 
Vecrer Xi i-l,...,4 in the constraint matrix, showing its 


contribution toward the tons delivered output mission. The 
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coefficient is computed by determining the number of round trips 
which the vehicle can complete in a given time period multiplied 
by its capacity in tons (including fractions of round trips above 
5, i.e. the candidate vehicle must at least be capable of reaching 
the beach once in the time allowed). 


/ 
For each vehicle in each scenario le 


E = Output coefficient (tons) 


T = Time permitted for the initial surface assault, or 
helicopter assault (hours) 


D, — Overwater distance (miles) 

D, — Overland distance (miles) 

Vu = Vehicle water speed (mph) 

Vr, — Vehicle land speed (mph) 

L - Vehicle loading and unloading time (hours) 


C = Vehicle capacity (short tons) 








T 
Then: pec EOM aa m 
2D 2D 
a L + L 
VW y 


The computational formula expresses the tonnage delivered by 
the individual vehicle in the time and over the distance specified 
by the given theater tactical plan where the expression 
Du n M is the time required for one round trip. 

V 


W bn 


—T ƏÉk — —  .. . J J J J U J J u.............. U.......................LLLLLL.LL.LLLLLLLLLLLLLUULL ————oÍ———À— 


lpistances and speeds in nautical miles. 





87 


Mesvclues E are coefficients of the X: vectors in each theater, 
distributed over the ships by output mission in which each vehicle 
competes and thus form the elements of the matrices Ejo ILS eue 

Table VIII contains values of E computed using the formula 
ee The table also contains significant input and intermediate 
values used in the computation. Times and distances used are 
extracted from the tactical plan for each theater contained in 


alle MA pendax 1. 


The Output Coefficient_Submatrix Es, i-1,...,4. 

The submatrix E is composed of unit output coefficients of 
the amphibious vehicle force. It functions in the central and 
theater primal linear program constraint matrices to correlate 
the aggregate output of the force in a particular theater with 
the theater output mission vector L; s A ETSI e m 
puasnmprcoenubeupisedetamescthesthegter employment vector X; sums 
sh opsi noi vehscle tvpescover al) ship types by output 
mission. One element of EiX;, tor example, adds the output tonnages 
of the SK-10's, LCA's, LARC-60's, LCU's and LCM-8's embarked in 
both LPD's and LSD's engaged in meeting the general amphibious 


ünleamtedr output missıonın an individual theater. 


Ship Embarkation Capacity 

Table IX tabulates ship embarkation capacity for each vehicle 
type. The inverse of the particular ship's capacity for a certain 
type of vehicle is the per unit requirement of the vehicle for that 
ship class. These inverse values are the elements of the per unit 


vehicle ship embarkation capacity requirement matrix F. 
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TABLE IX 


SHIP EMBARKATION CAPACITY}? 





Ships —> LPH LPD LSD 

— 123 4-14 15-25 
CH53 24 0 0 
CH46 36 0 0 0 3 
LVTP 0 43 54 22 4/15/26 
Dx 0 66 83 33 5/16/27 
SK-10 0 2 4 0 EIE 
BER 0 4 9 0 8/19 
LARC-60 0 4 9 0 9,10/20,21 
LCU 0 1 3 0 11.15 2 
LCM-8 0 4 9 0 13,14/24,25 


3 

-These embarkation capacities are very rough estimates based 
generally on unclassified ship and vehicle characteristics contained 
in the Amphibious Planning Exercise APEX previously cited. 


ae zero entry in the table indicates that the ship is not 
Suitable for embarking and operating the particular vehicle type. 


"See Table V, Appendix 1 for correlation with theater output 
missions employment vectors TE deed es ds 
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The Ship Vehicle Embarkation Requirement Submatrix F 


Elements of the ship vector Q^ are the levels of amphibious 
ships needed to embark the vehicle force. The F submatrix of the 
constraint matrices in the central and theater primal linear programs 
provides for comparison of theater requirements for amphibious ships 
with the vector Q5. The elements of the F submatrix are the per unit 
vehicle requirements for amphibious ships. For example, elements 
of F correlated with X, elements 4, 15 and 26 have the values 1/43, 
1/54 and 1/22. These are respectively that portion of the total 
LVTP capacity of an LPD, LSD and LST needed to embark one LVTP. 

Premultiplying the theater employment vector X, by the 
submatrix F results in the summation of vehicle requirements for 
amphibious ships by ship class. One element of the submatrix PX: 
adds, for example, the number of LPD's embarking SK-10's in the 
general amphibious unlimited role to the number of LPD's embarking 
the LVTX operating in the armored amphibian output mission and so 


put Sorsl theater usage or BPD's ys determined. 
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